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o-. HABITAD]LITYSUBSYSTEH Housekeeping
,J ....

/_PPLIAHCEFUNCTIONSCONSIDERED

3.1.1 Surface Wiping
; _ ' 3.2.1 Manual Collection

3.2.2 VacuumCollection e
° 3.2.3 Refuse Transfer
i 3.2.4 Refuse Processing
; 3.2.5 Refuse Disposal
_ 3;2.I Washing •

3.3.2 Drying
3.3.3 Washing/Drying Combination

t

DESCRIPTION The housekeeping habitability subsystem was designed to provide the
_: cleanup, collection, processing, transfer and storage of refuse generated during
_ a mi'ssionand crewmangarment/linenmaintenace. The study assumedrefusetransfer

would be accomplishedmanuallyfor the missionsunder consideration.Longerterm
missionsmay eventually,requiresome forms of automatictransfer. The housekeeping

i routinesand equipmentinterfacewith all of the crew ta_ks, includingexperiments,
medicalresearchand care, systemoperations,dining,recreation,sleep,and

i

; personal hygiene.

r,

w
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• C2-3S% ..
o e, e

1975025651-009



i ! _ j t
I_ . D2,856_5

°,

) .• ¢ o

! HABITABILITYSUBSYSTEM 3.0 Housekeeping

_ _

_ HABITABILITYFUNCTION 3.1 EquipmentClranlng
} • I

Q

)-

APPLIANCE FUNCTION 3.1.1 SurfaceWiping

NUMBEROF CONCEPTSCONSIDERED12 .
_ .

t

: ASSUHPTIONS

I1) Equipment cleaning includes all methods'which use a mist wipe, cloth or
spongeand a meansof dryingthe itemcleaned.
(2) The equipment cleaning function was assumed to be performed 15 times per

"day. Three times for meal cleanup, six times for.cleanups of the personal
hygienearea, three times for cleanupof spills, etc., and two for continency
cleanup.

I_l Usageof a wettlngunlt,or equivalent, was basedon 2.25 mtnutesperuse•Washer/dryer penalty was basedon washer concept8, Water Spray Agitation
and DryerconceptI, ForcedHotAir - ElectricDryer•
(5) Water usedfor SpaceStation equipmentcleaning was assumedto be recycled
minus the water lost associated with the suspendedsoltds. Shuttle water used
ts not recycled.

(

°. _ •

" t"' C2352 '
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i SPACECRAFTSpace Station

FIABITA'BILITYSUBSYSTEM FIousekeeping HABITABILITY FUNCTION Equipment Clean_o!pg

•APPLIANCE FUNCTION S_qrface .Wii_pinq

APPLIANCE CONCEPT _.O./TITLEI/Disposable Wet/Dry Wipes

"INDEX NO. 3.1.1.1 REF. NO. 236,186

DESCRIPTION The disposable wet/dry wipe concept utilizes a wet wipe for clean-
up and dry wipe to soak up remaining moisture. A wetting unit with hand hules is
supplied for the function. The wetting unit has a water supply outlet and a fan
for providing water entrainment during use. A centrifugal separator is provided
upstream of the blower to collect used water. Water temperature is controlled
by mixing hot with cold water in a temperature controlled mixing valve. The crew-
.man wets the wipe, uses it for area cleanup (disinfectant soap is located at the
wetting unit) and can be rewetted if necessary for cleanup. The wipe is wrung out
in the wetting unit and disposed of by deposit into a vacuum drier to remove excess
water. Dry wipe's are provided to dry damp areas left by tilewet wipe. The used
wipes are deposited into the refuse system. The disposable wipes are 12 inch
squares of 4 ply "wet strength" paper. One wet wipe and one dry wipe are provided
per cleanup based on a maximum of 15 cleanup functions per day.

C/_.t:1_IPJ_Af.._:I'A.m#LFC._ "

" _ AI,."p._,A.c _O_T t',lT .

=o,n.....1-:, ;. -
_D,,j.£_._TU_I_ , , ...........:'-'""-_'_._co_'_,_
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.+_% ® e o,_o ® ® o,,,.,o
CYCLE PEAK AVERAGE (l,'AfT-fir/ PEAK AVERAGE {WA11-ftk/

CYCLE) C_rCL[)
CC_PONENT (REF) (HR) (_ATTS) (WATTS) O'_X_'_ (WAITS) (WATTS) __)X_._
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t
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SPAC[CRAFT Space Station

HABITABILITY SUBSYSTZHllousekeeping HABITABILITY FUNCTIOtCEo_Jiampnt Clea_ing

APPLIANCE FUNCTION Surface Wipinq

APPLIA_CE CONCEPTNO./TITLE 2/Reusable Wet/Disposable Dry Wipes

IND[X riO. 3.1.I.2 REF. NO. 236,186

DESCRIPTIOr_ The reusable wet/disposable dry wipe concept utilizes a wet reusable
wipe for cleanup and a disposable dry wipe to soak up remaining moisture. Tile
wetting unit described in concept I is also required for this concept. The re-
usable wipes, however, are wrung out in the wetting unit and reused. Three reus-
able wipes are provided for a maximum 15 cleanups per day. The wipe is ",sed a
maximum of 5 times before washing. After sixty washings, the wipe is discarded
and replaced. The reusable wipes are I0 inches square of 4 ply "wet strength" paper.
The disposable dry wipes are 12 inch squaresof 4 ply "wet strength" paper. One
dry wipe per cleanup are provisioned which are disposed of by deposit into a vacuum
drier to remove excess water. The dry wipes are provided to dry damp areas left
by the wet wipe.

°-

•4 ,,.
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APPLIANCECONCEPTREQUIP[ME.hISNID P[N/,LIIE$ CALCULATION5

CONCEPT2/_zz.._,_z _ r_j_r/D/_po._a6_E IP_Y t_,tlPE5 iNDEXNU_',_r_...,_,/,/.Z

[k[£ _ BJ.£ ^_k POWER R_[.QU_L EE__M_E__NZ S-
' AC POWER OC POWER
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CYCLE PEAK AVERAGE (WAIT-HR/ PEAK AVERAGE (WATT-HW/

CYCLE) CVCLI)
COMPO_IENT (REF) (tiP,) (WATTS) (WATTS) (_)X(_) (WATTS) (WATTS) O_X(_

_¢_,___£_ _ _.___ _L_.£_

4 #

Qq

_. /3F
MAXIMUM IGTAL VJkXI_UH TOTAL

f

T H E R M A L R_E__(_uU I R [ M [ N T S

LATENT SENS!BLE HEAl L[ AK 10 COOLA_iT

SOURCE (BTU/ItR) (BTUIIIR) (BTUIHR) (BIUIHR}

/.,U_Z_,____ p_. _,._,.Q_- ---- --- __,_o

WATT (BIU/FIR) wail (BIU/HR) WATT (HTUIHR) WATT (BlUlltO)

i

OI' [_..ll_A.I ! p N.A[. It .E.NAI. ! I.E S
#

THERHAL ELl CTR1CAL WIIGHT VOLUM[/ tEAT LEPK TO COOLA,'IT
SOURCE (BIUIHRICYCLE) (BTUIHR/CYCLE) (FK WAITS/CYCLE) (LBIM|SSION) (FI_IMISSION)

_.,,_m,,,,,c,'_ ,, ____ , - ..e.<Z.... _ _ ....
__,,_,.&_. II.I _ 4.9 I.3 / _ ....

• ',j

' . _ _. "# 3. 2c. _.o8 ,o#6w#

,o,,,. .... .....WAllSl( YCLL WITI $1C_Clt K_/IIISS ION M /l'l'.$l,
• , (BIU/ltR/CYCLE) (I_TU,,HR/CoCL[) (LB/I.'ISSION) (rl S/M|$$|0,'i)
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APPLIANCECONCI.PTI.'FrJuIRE_£NTSArID Pt'NALTICSCALCULATIONS(CC,5,(.LUD[D)

j rjxlo _w._vp H_Uv_o.tu_U.M_f _ £_o..u.__ [. _ £ N'r s_
WEIGHT VOLI._[

COMPONENT ,(R[F) (LBS) (FT3)

(_tlt/P#___ ....
__ I

'°" '1.31.7_: i .zzo C'Tn _]
KG (LBS) MI (FT3) "

s o__L LD.D [ XE E__ND A__BL.E- W!IVp_L e__£ QU_.IR[M EEI&

N.IIUNiT(_(R[F) (_) (_) (_)/CYCL[ VOLIUtlII (PlI) VOL/CYCLE
(_) (PKG.WT/UNIT)(REF) (_X_ (PKG.VOLIUNIT)(R[_) C|_)x(4)

TYPE UNITS/CYCIE(REF) (LB), (LB) (IT _) TFl )')

• ____ _,___/_ ______/$5)___,__ _zk'_).,_o__¢_z_
•___ _-_ _=__..___ _,,_________ ....

@.q/_--,c-__sB_ ):Q .,::_/#'_z/.
TOIAL _'TICYCL[ IUIAL VOLICYELI

• (tB) (fT._)
TOTAl V/'T.

_CYCLLS/DAY -"---_AY$)M! :q ]OI.W///CYCLf
(LB)

TOTALVOL

- -M'I$-$I0,_" /_"'.... x _..A____/MI_SIUr X IOl.VOLleVeL[ M] -(_t ) ....
Iris)

__A__S_/LI_lU _O £_E[N_A_t!__ e£{Zu t._ EM._N_ZS-

(b @ O) ®
kAIT.US[DICYCL[(REF) * RECOVERY AM_.R[COVI_[IVCYCL[ AMT LOST/CYCLE,,,, ,a, ,.,o, %? %?

_az_._.o_.ss/___j .... _.____ __ _/A _. _ _o
_________ __._z___ ______

• ",t Z (!).____,M___ Z:@

. ,o,,, l & dj" -",$'_',-" 1,£ ,_.l_q _ ,_, _ • __ "--¢_a,,,_,,-/--o,,$/,.,,_,..,_,o¢,,_c_ ._,._P3.Z
, _z@ Its) (z(D
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SPACECRAFT_Space Stati on

HABITABILITY SUBSYSTEMllousekeepinq HABITABILITY FUNCTIONEquipmegt Cleanirg

APPLIANCEFUr'ICTION Surface Wiping

APPLIANCECGICEPTNO./TITLE 3/Disposable Wet/Dry Wipes (Pre__q!d] .... ,

INDEX NO. 3.1.1.3 REF. N0.250,283

DESCRIPTION The disposable wet/dry wipes concept consists of prepackaged wet
wipes vlhich were used on Skylab. Tl_e wet wipes are contained within a package to
eliminate water evaporation during storage. The dry wipes are dispensed from a
196 count container• The wet and dry wipes are used for cleanup and discarded.
The Skylab size wet wipe weight and volume were ratioed (5.3) to the I0 inch
square wipes used in Concepts 1 and 2 in order to provide a equivalent trade.

• WipeDispenser

t ,e
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APPLZANC[CONCLPT R[.QU|PEMENTS_'IDP(_.'_L_,_._,LCULAT|O_IS

E_.[CTR_!.C.A_.kV_.OwER. .R_q,,, _L._!.L_ZS"
e

• " AC POWER OC POWER
O]

!ts,_,,.,E..... ® @ _ ' @ ® ,,,,:,,..,o
CYCLE PEAK AV[RAGF ;M / PEAK AV[RA(,[ (k'ATI-HR/

, cyclE)
COMPONENT ._rr', (ttr) (WATTS) (W,aTTS) ," ' (WATTS) (WATTS) (9X(_

I@IXlMUM TOTAL MAXIMUM TOTAl

T H EoR M_.AL_ R.E _U t-D .rM.E N T k

LATENT SENSIBLE HEATLEAK TO COOLANT

SOURCE (etU/Hr) (STU/HR) (B_,J/HR) (BTu/HR)

( _,4. _

TOTN.

WATT(BTUIItR) WATT(BTU/HR) WATT_Tu/HR) WATT(UT,./IIR)

O_[.R_Z!O.NAE _ENA.:t I Es

TttERMAL ELECTRICAL WI[IGHT VOLUME_- ' HEATLEAK, TO COOLANT
_X)URCE (BTU/HR/CYCL[) (BTU/HR/CYCL[) (PK WATTS/CYCLE) (LB/M|S$|O_I) (t T)/MISSION)

q

TOTAl.

(UIUIIIR/_'¥LL[) (I;tUD_/CYCLf) ELl/MIsSION) (it _tM|SSIO_)
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APPLIANCECONCEPTREQUIREMENTSAI'dDHNALTIES CALCULAIlC_$ (CO;iCLtJUED)

rzx(o wt ZCHT/V_OLUM_[ *EOU L__E_M_["_TS

WEIGHT VOLUME
CC,'_Oti( NF (REF) (LB$) EFT) )

uJL-r/D,_/_/Pc_s .(j._z_o) "774./' 2E..3'_/
tt

I

. KG(LeS) M_EFT3)

'. SOLSO [ x_P_[ NO_A_e L.E_ w_T/y_0._L R [g.Ut_[MF.t_T_
(2) ® ® ®

iV'T/UNIT-(_FF) k"TICYQ[ VOL/UNIT (PF) V_L/CYrL[

TYPE UNITS/CYCLI(REF) (LB) _ (Lit) (!tT j)

y: _.(b® .oo'_ ?_
TOIAL I,i'[/CvCL(

(ti_) EFT')

_,s.o, ° 1-5" _ I_ q , ,280.{__ " [ 7q.z)
---_YCL t.W U-AY..... _M;I_I$$I(/, Io'T_'_T/Cf(.L[ ------

(L_)

-.,_,o," 1_ ' o_,._r,o,,' " I: : " $:31CYCLLS/UAY - "" ]
' (IT")

§A_s_/LlgULo [t__ [_ 0A E_L[s_ *_t(iU!*.[__E. T S_

® ®
_i .USED/CYCLE(I_EF) R(COV(RY,,:,o, %9TYP
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1 SPACECRAFTSpace Station

HABITABILITY SUBSYSTEMHousekeeping HABITABILITY FUNCTION Equ.ipnlent Clean___iing

APPLIANCe FUNCTION Surface Wiping

APPLIANCE CONCEPTNO./TITLE 4/Automatic Mop

"INDEX NO. 3.1.1.4 REF. NO. 236,100

DESCRIPTION The automatic mop concept is a h_nd held scrubber head connected by
coaxial flex tubing to a water supply valve and an air transport system. Water
_s fed into a sponge in the scrubber head for use in cleaning equipment. A water
pick up housing connected to the vacuum line surrounds the sponge. A water separator
is used to c_llect water from the cabin air. A pump unit injects water into the
water waste management system. One new sponge is provided per week.

,e
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APrLIANCECO_LPT"E_UI._,_L._S_,0_t"AL_I_SCALCO_A_XO,,_

E_.LE C.T R I CA L POWER R E_QU I R E M E N T S

' _; Ac POWER M_O-- OC POWER -_--use,_ ® ® DE @ ® DE,.,,',,,O
CYCLE PEAK AVERAGE (IVAIT-I{RI PEAK AVERAGE (14ATT-NRi

CYC[E) CYCLE)
COfiPONLNT (RE,) (HR) (WATTS) (WATTS) 0_.)X(_) (WAITS) (WATTS) QX_.)

J

MAXIMUM IoTAL _ ]MUN TOIAL

•r H.t.RMA_.L R E__£U_IR EM__E_N£ S

LATENT SENSIBLE HEAT LEAK TO COOLANT

SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTUIIIR)

__4_-__7_7 co,S.s_ z7oc>• _ ____?__,,_2___2_V_o-_:__

WATI (BIU/flR) WATT (BTU/IIR) WATT (BTU/HR) WATI ([_TU,'HR)

i

O__EE_.R_A_Ii p.NA_L__ E £ NA !='T_I.E__S
' I

' ' TiIERMAL ELECTRICAL WEIGHT VOLUME/, HEAT LEAK TO COOLANT
SOURCE (BTU/IIR/CYCLL) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/M]SSION) (I:T_/M]SSION)'I

, ',j
#

m

TOTAL

IlATTS/CYCLE WATTSICY('!.E KG/MISSIC_N II'_IHISSION
(BTU/IIR/CYCLE) (BTU/IIR/CYCL[) (LB./HISSION) (11}/MISS|ON)
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APPLIANCECONCEPTREQUIREMENTSALtOPENALTIESLKEULATIO!IS (CONCLUDED)

CONCEPT4///Ef_¢_////TE_0#_ INOEXNUMBS._.22I.I.4

I X E O W [ Z G HI _V _ L U M [ [ [ _ _l I R [ M [ N T S

WEIGHT VOLUME
COMPONENT (REF) (LBS) (FT3)

myro,,_nT/c_oP u/v/f " (_m_ 20,.h I. 5
,_-_P'_xqacs 1. / 8. ,/.G

I

,0,_ [ _._ C2,._ I .o+8 ?.T 1
. KG (LBS) M3 (rT_)

'. S OL I D E X_P_E_N_DA _B_LE W TJV_O L R E Q U I_R E M.E !IT S_

WT/UNIT(_(REF) (_) (_) '(_)WT/CYCLE VOL/UNIT (PEF) VOL/CYCIE

TYPE UNITSICYCLE(R[F) (LB) (fi3) (fl_)

® ._.oo_o__z7 _ @ .oo_oQ6ff
TOIAL WTIC-YC-_ TOTAL VOL,,CYC{E -

(LB) (FT')

,o,__,. __4F<__ . r .5s4 _:i___)-I_s_ro_-: 15 x ___Z_._ x ,
C_CLESIDAY DAYS/MISSION KG _L'B]......

(LB)
T-_TALVOL

-- /DAY DAYS/MISSi_-_---- TOT.VOLICYCLE "MT-_-T_ ......
(fi3)

c,A__SJkZ_QuID [X_P__ENDEB_LES.BE!_U_.IR.E_M!NTS_

(_ © ® ®AMT.RECOVERFD/CYCLE AMT LOST/CYCLE
AMI.USED/CYCIE(REF) RECOVERY

,,.,mx_-,,z _ :. _ (Zz0 /-, _o_ .49GS'S __,_,'_z@____

,_o .£ _0
|_}TOTAL WT,i

' ' _B-s_r"_,-/_AT---__,_,/_,B,-o,-x " ' "
(_(ll (cB} (_(!)
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SPACECRAFT__SpaceStation

BABITABILITY SUBSYSTEMllousekeepinq HABITABILITY FUNCTION Equipme:_t Cleaning

APPLIA_ICE FUNCTION burtace Wiping

APPLIANCE CONCEPTNO./TITLE 5/Reusable Cleaning Cloths/Disposable Dry Wipes

INDEX NO. 3.1.1.5 REF. NO. 236,237,245,209

DESCRIPTION The reusable cleaning cloth/disposable dry wipe concept is the same
as Concept 2; however, terry cloth are used for cleansing cloths. The terry wash
clothes are 6 inches square. The cleaning cloths are provisioned 3 per day for a
maximum of 5 clean up functions. The cleaning cloth is used for sixty washings
then is discarded and replaced. The cleaning cloth is washed and dried daily using
a washing machine and dryer. The disposable dry wipes are 12 inch squares of 4 ply
"wet strength" paper. Once disposable dry wipe is provided per clean up based on a
maximum of 15 cleanup functions per day. The wipes are disposed of by deposit in
the refuse system. The concept is penalized for theusage of a wash/dryer for recycling
the terry cloth cleaning cloths.

CAII_ Itll

• " ................ COLDt,'&T--'qA¢C'_$LA,"OR L,'LI?

-,-°_ _ -'- .....'_
YII_"D',A,';'ll_

.......... :'-.-."7':_L.c_',,o__,tc
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APPLIANCECONCEPTRLQUII'LhtN1S _L r'ttlALlllS CALCi]LATIONS

Z LL CI RII._C._AL POWER e .Z.p,,p_i _R£ M£ N_T S
" AC POWER DC POWER

._.__%.® @ OE_^,_,T® ® _E,,A:,-_':-
CYCLE PEAK AVERAGE (WATI-HR/ PEAK AVERAGE (WATI-I_I

CYCL() CYCL[]
CO(4t'Ot;[NT (REF) (HR) (WATTS) (WATTS) (_X_ (WATTS) (WATTS) _..)X(_)

, w_.__F_), D,,___._oo__l___ _z.__5_ _ --- -- '

Qq

_.__x___. _l_b,S
MAxIMUM TOTAL MAXIMUN TOTAL

d

T H E R M A L R_..E_U I R E M E N T S

LAIENI SENSIBLE HEAT LEAK TO COOLANT

SOURCE (BTU/HR) (BTUIHR) (BTUIHR) (BTU/HR)

i

WATT (BTUIHR) WATT (BTU/FIR) WATT (BIUIIIR) WATI (bTUlllR',

II

THE_AL ELECTRICAL WEIGHT VOLUME
,f HEAT LEAK TO COOLANT

SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WAIIS/CYCLE) (LB/MISSION) (FT)/_ISSION)

_.)_.sH'e_ _"71 _ _?.o _ __,_G_L__
_eT_-_ ..... l.Z_._' _____. __LQ_,_o ..__2..'7 _.o___

" #e

" 5"3."/ 6.7 _.3 •_;_,'_
gl,a3,a? ._(_,z,9)._.._j_.,o .C_,s'2_.//-a_/J_TOTAL

(BIU/IIRICYCL[) (EIU/H,IIC_CL[) (LI:/MI %,,ION) (fI)/NISSIO,N)
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APPLIANCECONCEPTREQUIREMENTSANDP[flALTIES CALCULATIONS(CONCLUDEDI

Fi XED WE SGHT/V_OkUrJE B._.U T REMENTS

WEIGHT VOLUME
COMPONENT (REF) (LBS) (FT s)

(,_z_r .__-/P..__) ZS.4q .. . #.5 ......Cc_zJ__L_/,Zz_("¢.c.(/,,_
w/PL--_ . (e_) _. _ . G._E. ,

II d..

,O.L Ii s3._ (vs._A] I .2CT___(_.LsZI
• , KG (LBS) Ms (FT3)

', S OL I D E_X_PE_N.DAB t E. W_T/V.O_L RE.O U I R E M E N T S

_/uNz_P.tF) @ ® '®_rT/CYCLE VOL/UNTT (PEr) VOL/CYCIE

(PKG.WT/UNIT)(R[F) {_{_ IPKG.VOL/UNIT)(REFI (_Xt4)TYPE UNITS/CYCLE(REF) (LB) (FT_) (FT _)

__.x__2___ ___._zT____ __ ____co)__L__
,____r.¢___-___ / Czsc.)____ T_:_.)__,o_L< 7.,z:__-_-_c._)_ ,__/.E___

TOTAL WT,LYCL[ IUTAL VOL/CY[.Lt
(LB) (F_ ,)

'm_szo-," __iS" x /_,_ x__._)Z_d " [ _o_-_-f--
CYCLES/DAY DAY_IMISSI-O_-- IO_..Wf/CYCLE KG-[LB} "

' (LB)

--,;_,o,'__l_ , lB4 ,.__.c_a.,t-{ • [ ./,e8
CYCLES/DAY DAYS/MISSION TOT.VOLICYCLE ..... _-FT'Y'_

I (FT_)

G AS__/L_I_U I O E_X_P__E_.ND,ABt E S R_E___U_I_RE_.MENT. S_

(!) ® (]) ®AMT.RECFWERFD/CYCLE ANT LOST/CYCLE
AhT.USED/CYCLE(REF) RECOVERY ,_,

'TYPE (LB) FACTOR I_)(_B_ 1(_'(C'U_-

.._F____ .L-___X_J I-._o_o9 _ _.__p_o_Z.'.'.'.'.'.'.'.'.____

, z-o.s_-_._c_F__,__ __J.Z3____ /--.cp_og___,Z_ ..____LA__

_(]) .¢.,747& _® _____._

"J TOTAL WT0

' " ';__ , _.o3 •_Z.F_EL,_._JZ."--DAV_/HISSION
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SPACECRAFTSpace Station

HABITABILITY SUBSYSTEHHousekeeping IIABITABILITY FU_ICTIONE_l'p_!_egt,C_leaning

APPLIANCEFUNCTION Surface Wiping

APPLIANCECONCEPTNO./TITLE 6/Disposable Cleanin9 Coths/Disposable Dry Wipes

INDEX NO. 3.1.1.6 REF. NO. 236,283

DESCRIPTIO_IThe disposable cleaning cloths/disposable dry wipes concept is the
system used on the Skylab applied to equipment cleaning. The terry cloth cleaning
cloths.are wetted by depressing a water supply valve. The unit will provide warm
water from a heated storage tank. After the cloth is used, it is squeezed using
a manual squeezer unit. The water squeezed from the cleaning cloth is assumed to
be recovered and routed to the water waste managementsystem. Three cleaning cloths
are provided per day for a maximumof 15 cleanup functions. The cleaning cloths
are disposed of by deposit into a vacuum dryer to remove excess water. The dried
cloth is then deposited into the refuse system. The disposable wipes are 12 inch
squares of 4 ply "wet strength" paper. One dry wipe is provided per cleanup based
on a maximumof 15 cleanup functions per day. The used dry wipe is deposited into
the refuse system.

MAGNETIC SOAP I H[ATER

HOLDER (4} I
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.,,,o.RETOR.S,",.O___f''#: _ _ .,..___.;_I-Z.,.':._;/
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APPLIANCECONCLPTPr.L_UIP[MLNIS/V_DPL_IALII[5 CAICllLATIOI'_$

CONCErTF,_b/{Ce'._,"J_C__-;_,V,,V_cz._7//5/o,,sp_za'l_.o-z_Y_,,_sINDEX_U,'_ER_,___L_,_.__

"%1' EL E.C T_.RI.C..A..L. P O W E R RE__.U l_R [_M E N T S

"" " AC POWER DC POWER

.us£___.E @ (_) oEMA_ir_ ® ® c_c,',,';_
CYCLE PEAK AVERAGE (WAIl'-HRI PEAK AVER/d,[ (WAI1-hk/

CYCLE) CYCI|)
COMPONU_T (REF) (fiR) (WATTS) (WATTS) ([_)X_ri") (WATTS) (WAITS) (])XQ')

___-___/___3)_7s1 .... _Z¢O __/90 _sT.__Z '

S

_,.,__7_..S_. ;./_. _/_4o s--z__
1MUI4 TOTAL M_O(It',UM TOTAL

t_.H£RM.AL_' R_[_qU_I.!_RLM_,[EI S

lATENT SENSIBLE HEAT LEAK 10 COOLAqT

SOURCE (BTU/IIR) (BTU/HR) (BTUIHR) (BIUIHP)

___,_-_,__.. __2/0 " -- "-- _ZI__.....
_z:Z.-c__z-e_-_ __ -- 7__ __TJ._______
_z_z:_c.-za_2:i_4z___._. -- __2___. _ .q-___. _ -- ....

WATT (BIUIHR) W/_;T(BTUIHR) WAIT (BIUIHR) WAlT ([_tuli,_",

0E£.RA_.T_L.oNA_L __[N___L!I[S_

THERMAL ELECTRICAL WEIGtIT VOLUMEHEATLEAK TO COOlA;IT
SOURCE (BTUIilRICYCLE) (B'IUIHRICYCL[) (PK WATTS/CYCLE) (LBII.!ISSION) (El'/MISSIOn),%

_ •

TOIAL
WAIlS/C','Ct! WAITSIC',CIL KG/MISSIO'_ I,O/PISSI_N

(B'IU/IIR/CY(.LL) (BIU/I'*R/L_CLF) . (LBIV,I_,SI0_) (ET_IMI_%1['_;,)
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APPLIANCECONCEPTRf.QUIREMENTSAriD PLNALTIESCALCULATIONS(CONCtUf_[D)

FIXEO .W£L£HT/V_OL U_M£ ,[RU£,_.£M£_ZS -
WEIGHT VOLUME

COMPONENT (REF) (LB$) EFT3)

• _/5/,.Z- c'L<_r;(//__d_S , _o.,__7_ .rio, 1_,4
- __.-..- ,'- . 41_4-+ 4,1q-

t

,OT," [ -,a+,._.+ (,m.+,.+)l I /+_> (J_'_;_;_]
, KG (LBS) 14+ fit+.)

', S O L I D E_X.P_E__NDA B_L [- WTJ_VOL R[_£_U I R [ M [_ N T__S

® ® ® ®
kPr/uNI1 (PEF) lIT/CYCLE VOL/UNII {PEr) VOt/C'fCl[

(:£) (PKG.WT/UrIII) (p[I.)
Typr UNITS/CYCLE(REF) (LB) _;7 (PKG.VOL]UNIT)(PEI')(FI,) _l;;; +)

_/+++z+++_-_,+_.z ___.__.z____.+,+__.__z__ __J__ z __.,_++_z-
(l_rlt-%

IOTAL I,,'T/LtC..L[ I'JI'_,L_',,I,EY_L{
(LB) Ell _ )

TOTAL',,IT.

-_,s_,oN-. /_+_. x ___/_,¢ , _,t:>3__ • ___:3:_- ....(Io2-./#i
----CYCLES/t)/_+ -- -- DAYS/r;I::>$II)N TuT.W'T/CfCL E - -- lG- (l_)

" (LB)

TOTAL VOL _?--'----_Y'C].i.S7DAY DAY$1MISSiC77 ..... 101 .VOL/CYCL E --- - I

, (ETa)

6 k S_/L.I.L(I,JI D E x_P_E_N ! A .B L E_S- El: qU LR_E_M [ N[S_

(!) (D ® ®
AI4T.USEDICYCLE(REF) RECOVERY A/ft.RECnvlPlDICYCLf AMY tOST/CYCLE,,. ,,_, ,,<,o, %,P %_

a/_,oz(.z__ . '. 5" (;+_J ._z.___ __,_4._y_._" __.,_(4::J_.D7....
_u._ L ,]_._o_£____ _..__14, ._J_.a. .... _ ........

' _+__,._.._+++4+_+.,,/_j_..,u______._..__.z¢/4 .... .,,,z,_ __,._._:_G'o
_U,"_c.J___O_ZLg. ,_!A . .._zd/__. __..s__7_.Z:_:__.

Z o:)___ _ ® _.,o_7_z.__
_'JTOTAl WT.

' ,, -.,_-_,-o,,--_<__t,<_° x_z_,t_. • +_C____-- "_"A'Y5/ MISSIO-N-- -- k-C,"TL'_')"-
(it (_1 (LB) (Z (_)
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SPACECRAFTSpace Station

_'J HABITABILITYSUBSYSTEMHousekeeping HABITABILITYFUNCTIONEquipmentCleanin_

APPLIANCEFUNCTION SurfaceWiping9

APPLIANCECOIICEPTNO./TITLE7/DisposableWet Wipes/ReusablesDry Wipes

•INDEX NO. 3.1.I.7 REF. NO. 286,186

DESCRIPTION The disposablewet wipes/reusabledry wipes conceptis identicalto
conceptl, howeverreusabledry wipes are used for equipmentdrying. The terry cloth
reusabledry wipes are 15 inchesx 30 inchesand are used a maximumof 5 times before
washing. The wipes are washedand dryed after one day of usage and are discarded
after 60 washings. The dry wipes are provisioned3 per day for a maximumof 15
cleanupfunctions. The conceptis penalizedfor the usage of a washer/dryerfor
recyclingthe dryingcloths, a!
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_ APPLIANCI: CC,NCtPT _tQUIIiY_[NIS A',ID t'INAI11[S [ALUJ_AII(/IS

CONCEPT__ ;L____/ (._/Pe_SA._'gC l.,./._/_fJCL:, DIZ IND[ X

AC Powr_ D¢ POWER
('7) -"@ @ ®

CYCLE PEAK AVEPAGE (WATT-H_/ PEAK AV|I'.A(,E (WAll-_,pl
CYCLE) CYCI(}

COMPONENT (REF) (HR) (WATTS) (WATTS) (_)X C3") (wATTS) (WATTS) (I)XCi)

i

MAX IPIUM tOTAL MAX IMUM TOTAL

I_£__MAL' R .E__ .U! R .E._ME NI S

LATENT 5ENSIELE HEAT LEAK 10 COOLANT

SOURCE (BTU/HR) (I_TU/HP) (BTU/HU) ( BTu/ItR )

_.,'__4z_z__,,z¢71/_.¢___s____J_.o___ --- -- _____.Q

WATT (BTUIHR) WATT (BTU/IIR) WATT (BILI/HR) WATT (EII,/H

ii

I H[AT L[AK TO COOLA'4T EL[CTRICAL WEIGHT ¥OLUM[

SOURCE (BTUIIIR,'CYCIL) (BTUItlRI_,YCL[} (PK wATTSI(.YCL[} (LBIMISSIC.',) (rT_/MISSIC',)

._____Ee_.______'_ __,Zg.2___ 7._____....Z_3__

. l'll?.g l_.J 11,7 .0"_.:I

I:A| I S/C'_( l [ WATTS/[ V{L[ I,G,MI'-S I, N M_/M,ISSIr'_

(I_IU/HrlLYCL[) (ETU/HR/CYCI[ } (IBIHIS'_II'N) (FI ilMISS|D_)
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APPLIANCECONCEPTRLOUIPE_[NTSACiDPENALTIESCALCULATIONS(CONCLUDLD)

CONCEPT_/,_£_,___'_'.,_Lg;__[.L_Kd/c T c,,_/Pe-_i/,_( ;-_,'gBLC ,Q/ZY" _.2/_0_ XNDrXNUMI_ER3././. "7

W(IGMT VOLUME
¢OMPON[NT (REF) (LBS) (FT _)

LOcF,r/H6 u/u_ 7- • f__3_) "7_,.G9 /,_'S,.o

_- US_4___dL_'_._ ......_ . ,LZ_ __ ,
, j

i

-- J--___

• KG (LBS) 14) (1_]_)o

', S O L I D E X__P.E_.ND_A_8LE g T_/V_O_L R F___U I_R[ __[_t¢TS.

® @ ® ®
WT/UNIT (PEF) _'T/CYCL[ VOL/UNIT (REF) VO!/CYCLE

TYPE UNITS/CYCLE(REF) (Le) (LB) (rT_)

. Y_,® __,_/z/q-_. __,@ .oo/54,_
]OIAL wT/LYLLL TOIAL ','._,CY_i[

(LB) (rl ')

TOTAl W'T.

-_m]o_r-° /5. x /_q4 _ _.o/.¢/,'kq " L /a'._6. (4_;m,)1
'-'-'-_._fCLESiI_AY DAY_IM|SSI_2_...... TOI.wf/CYCL[ .... I,u ,Lh} -

_' (LB)

TOTALVOL
--i_ZSS_ON" _ x

DA_SIMI':,.,IO'I lOT.¥OLICYCLL "14''I -_i-I"I]
(FT) )

• G_A__L_.I _U.I_D. [_xe.[ N_B_.kBL_[_S_ .RE QU LRE. M ENT S

® ®
(_) (_ A/IT.RlCr%'[_[ e/C YCLE ANT LOST.CYEL[

AM]'.USED/CYCL((nEF) RECOVERY

___y.z.c_s['cu_,___ ,V/A • /,z/_ .__,__,t_.....
' _._r-,__d___._-_._) ._:;____7./.1L_._____L _/.n .,__7./2___

z,_/_._v/_u'._ _ /-._:)_ _ _.._;__T_

E @ _.¢ E @_.__/.zl

• . I' " -,_,,o¢" 15" , 18¢ , .o.51z/•L_l.J_g_• s=__" _._7 /¢_."
_(_'fCL-I)I)A'Y--- "-O'A_S/_l"_SIb_ TO]}L't OSf/C,C'C( ---- _I,'G-"

(z (,.49 (tu) (= (i)
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SPACECRAFTSpace Station

IIABITABILITY SUP,SYSTEHllousekeeping IIABITABILITY FUHCTIO_IEquipment ClPanin_l

APPLIArICEFUNCTION Surface Wipinq

APPLIANCECONC[PTNO./TITLE 8/Reusable Wet/Dry Wipes

INDEXtlO. 3.1 1.8 REF. NO. 236,186

DESCRIPTION The reusable wet/dry wipes concept is identical to concept 2; however
reusable dry wipes are used for equipment drying. Tile terry cloth reusable dry wil,es
are used a maximumof 5 times before washing. The wi,) _ are washed and dried after
one day of usage and are discarded after 60 washings. The dry wipes are provisioned
3 per day for a maximumof 15 cleanup functiuns. The concept is penalized for the
usage oF a washer/dryer for recycling the cleaning and drying cloths.
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APP|IA'IC[CONCEPTkl,_uIF<r*qtdS/V*bH.N_,LTIESCALCULATIONS
cone[

j .E_L£_CZRL £_ .L" _ O_w_.E.R. _!._ u_ _ LM £r.4Z _S
AC POWfll DC POw[ R

.......... ('7)_._:.%, (:Z) (9 0,,',,,-% _ ® _,',,,_
CYCLE PEAK _.V!RAF;E (w_tT HP/ PEAK A.¢£kt,r,F (WAIth_/

CYQD CVCtIJ
COMPONENT (REF) (HR) (WATTS) (WATTS) _ )fCJ) (WATTS) (WAITS) (.I)x(El)

i,

@

_,.s"_o_._- J._,..£_
MA,XIPIUt_ TOTAL MAXIMU'_ TOTAL

¢

T___H.[.RM.AL R_[.Ru i n r.M_[N__tS

LATENT SENSIBLE HEATIrAK 10COOLA'IT

SOURCE {BIU/HR) (BIU/HR) (BTUIilU) (BIU/HP)

u.J4_:_.,,Jc_,_,Z-__L_,S.S__,._ _o __ --- _._.__--_......... _ o
//_._,_:s -= ._.._'._...... _,_d.L ....... --_.

WATT(BTU/Iik) WAITC".IU/HR) WATT(BTL/HR) _All(BTU/_:u;

I

_t! __A!!_ 0 N_A_.L t!.Nl.k! t[ _

lHlkblt |L[CTDIC_L ilIGHT VOLUMEf HIATLEAK TOC_JLA':T
_)URC[ (BIUIIIR/CYCL[) (eTU/HR/CYCL[) (PKWAITSICY(.LI} (LB/MISS|0._I) (lT'/_ISSIO'I)

Z_ _ __ ___" ___Z&.L __3Z.lW____8._71__..... .A3__....

• ._
. /?Z 2_._, " /S.B3 ,/o9

,o,,, [g,_,,,#,2-.Z2'_J ..... .,_'_ .... _-_o,,.__ U.aTJ* IAl l_,'C'Ci I lr, lM| .,',it "i I'1t/MI$',1,"'S
(IITUliiW/CILL[ ) (bTU/M_wiCIC,Ll) (ti, l_l _',Ic,'t) (i I _j_l$$1bN)
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APPLIANCECONCEPTREQUIREMENTSANDPENALTIESCALCULATIONS(CONCLUD[D)

CONCEPT,b'_4dI../',,_y_J/w_-.s ,,oEx"UM_ER3_,_/..L_

F_.I_X_[D W E I G H T/V O L U M E R EE..QU.I.R_,E.M E_N Z S

WEIGHT VOLUME

COMPONENT p(REF) (LBS} (FT")

"- -__dM_G.Zt.Z_-C.Ofz Y'c<y/_ , .[ _. •/6 ,

l

,o,,. I ,,3.t' (.z_.;)I I .to'7___,9.7_4_
, KG (LBS) M3 (FT3.)

', s_0_,.xo EX. EEN_D__AB_L_E_wT/_VOL EEtULRE_MEN!S
® ® ® ®

W'TIUNIT(REF) _¢rlCYCLE VOLIUNIT (PEr) VOLICYCL[

TYPE UNITSICYCLE(REF) (LB) (FTs)

_f___ _...o/_._z_{__z_L___mm__{_.___,..__ _._¢ZZZG'Z_(_zX,)_.Z2D_G:dZL_
' -_zz._-_d..t__.,._azazZz._p__)._._.e__,L¢_ _eM_.,z,._D_/,,_,S_

101AL WTICYCLE TOTAL VULICYCLE
(LB) (F'I})

_]rsr_r x__ ¢ x.__,O lZ¢
CYCLES/DAY DAYS/MISSION :TOT.W'T/-C-Y-CL-E (-t

" (LB)

TOTALVOL

DAYSP,IISSION TOT._OLICYCLE • i't]-"(-f'lT_ "- -" -
• (FT_)

6 A SJL_..I_I_UI O E X P E N D AB L E S RE__U I R F'MEN T S

(D (D ® ®-, AMI",RECnV[R_"D/CYCLE AHT LOST/CYCLE
AMT.USEDICYCLE(REF) RECOVERY

, z,_._s_zY_,_d4_ozF_____,¢,2,z /-.ooo_ __-_---- ._,___(_-_3_._

. "I--TOTALWT, '

. , ' -=,_-,o.,--.j_ ,_/_.,_.... ,_,.,___.a.,__._z,.L_._,c.._zz• [_._,r_-____-"-_YCLE/O-__[---- DAYS/MISSION TOIAL IOSTICYCL[ KG

(:2-384
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SPACECRAFT Space Station

HABITABILITY SUBSYSTEMHousekeeping HABITABILITY I UNCTION Equipment Cleaning

APPLIANCE FUNCTION Surface Wipinq

APPLIANCE CONCEPTNO•/TITLE 9/Reusable Cleanin_ Cloths/Dry Wip_es_

INDEX NO. 3.1.1.9 REF. riO. 236,237,245

DESCRIPTION The reusable cleaning cloths/dry wipes concept is identical to concept
5; however, reusable dry wipes are used for equipment drying• The terry cloth reusable
dry wipes are used a maximum of 5 times before washing. The wipes are washed and
dried after one day of usage and are discarded after 60 washings. The dry wipes are
provisioned 3 per day for a maximum of 15 cleanup functions. The concept is penalized
for the usage of a washer/dryer for recycling the cleaning and drying cloths.

• .l""' .. .I '-'--

........... TO _,,_TL_S¥..¢T_-," YOCABI]q i _ _J_,';_ T r'' -POIT

• .................... [_P.::ll I¢_ I'(_7 C(_,._(_ =. •

_,,,o_FI- -- j.:,_r"- _,,_ ..... . '
' yJl_'J_. _.? I_

.................. i___co_- v_vz
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APPLIANEf CUNCLPTREQUIREMENTSA,'Ib I'[NALTI[S CAIcUIATIONS

EL'ECI_R.I C_AL PO__WER- RE___U.I RL.ME.. T S-
AC POWER DC POWER

(i") 7"4D (7) ....

CYCLE PEAK AVERAGE (WATT-liP/ PEAK AVERAr,F (WAI1-HV,/
CYCLE) CYCL[)

COMPONENT (REF) (fIR) (WAITS) (WATTS) (_)XQ3) (WATTS) (WATTS) C..I)x(I)
/

_,," _.'.J _ _5o_p__ ._36p__ _/2_.__ -- -- --
i

.,_oo. _/Z_,C_ .....
MAXIMUM TOTAL MAXIMUM IOTAL

f

t H E R M AL R E__U_ I.R E H E N_T__S_

LATENT SENSIBLE HEAT LEAK TO COOIAI,IT

SOURCE (_,TUIIIR) (BTU/HR) (BTU/HR) (BTUIIIP)

__v__Ozd____,J/_Z[_¢_,s_.s__ ___,SI_D.--_ -- -- _.__o
./_;'__m.m__.... - __.,e_ ___#_<_,___.---.

WATT (BTUIHR) WATT (BTUIHR) WATT (l_l.;/IIR) WAIT '(BIU/i?')

It

P.P£ .R._A.Z L .o.IN_AL_ E.E.N_Ak II £ S_
e

'" ' TIIERMAL ELECTRICAL WEIGHT VOLUMEI HEAT LEAK TO COOLA_IT
SOURCE. (BTU/IIR/CYCLZ) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/MISSION) (FT_/MISSI(;_)

'I

.r_,,_e__H_-'_ ___G__, _ __<.._o___ _a._.l ....
_,eveP.Z....... 4-5-._._ 8,c.4._ .._7.7_ /o_/ __z_,_g_....

"" i_/._ - 2_,o 16,0¢--- /---z-7--

. ,O,^L.(,_,_S.O.)_o_s.4)..... _._7,.7 ....c.es.._)...__d.,$:_o)__--wMIS/CYCL[ - WAITS/(Y('lI _ KG/I'IISSION M'/MISSI(_'I
(BTU/IIR/CYCIE) (BIU/IIR/CfCIE) (LII/.IISSION) (IT_/MISSIe_'i)
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F I XE D W E.I G_HT/V OU UME r[qu I_RE MEN T S

WEIC,NT VOLUME
COMPONENT (REF) (LBS) (FT3)

_-v__.._.P_z/_zz__'>"c/z,,T "./;_,,7 .z_,__9'_£ 3,_,<
• d_- SZW_,d._,"Lq__//t-$' ."7,_;79 __/- __

._.b_u_XZd_#-:/ <dlx-'_b______ ...... ,91 . / 7. '
I

toTAL I  z.4_ 3
, KG (LBS) M3 (rT3)

S_O_I.I .D. E_X_P_ENDABLE W_T/V_0 I. R E_U I.RE_M_ENTS

WTIUNII ,PEF) WTICYCLE VOLIUNIT (REf) VOLICYCLE

TYPE UNITSICYCLC(REF) (LB) (FT3) (FT))

101AL WT/L_CL[ TOTAL ','Ok/CYCLt
(LB) (FT")

IOTAL WT.

-_r_,o-_. /_.._........__j:_.¢ _ .oo1¢¢&_" F--?.:dix---:C¢.-,_)-:I
-----i_YCLESIIIAY DAYSIFIISSI{_,N-- 10T-.-WTICY-CL[ KG-(L-B) "

', (LB)

- i41SS-ION___/_" X X
CYCLL_/D-AY..... _--DAYS/i,IIbD-IbN -TOl,VOL-/CYQi MI (fl_ .....

' (_t_)

. G__.SJ£!.qutp. E_.xP_C___N.DA_B_L.t S_ RE__RU_IREM_E_N_LS_

® ®
(_) _) AI_'.REChVER_D/CYCLE ANT [OSTICYCLE

AMT.USEDICYCLE (REt) RECOVERY -,,, <<, %?
_U,d.aZ'__./_-__,. : , 5" __ _gE __,,.._:..___....
._gd___.__dZ-C-___ _U_//.z_c-__._

' _6___L _;_-' _..¢_.ZE "--- l.,O______ --J_Z .....

l

i,_ TOTALWT,
i

' TOT_Lq O-STILVOi.E "_k-G--_L B) "--"-"C-ICLE/-SAY----_ / SITDh--
(z(ll (kB) (_(])
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SPACECRAFT Space Station

IIABITABILITY SUBSYSTEMllousekeeping HABITABILIIY _b,,CTlON_EEg_uipmentClear, ing

APPLIANCE FUNCTION Surface Wiping

APPLIANCE CONCEPI NO./TITLElO/Disposable Cleaninq Cloths/Reusable Dry Wipes

"INDEX NO. 3.1.1.10 REF. riO. 236,.283

DESCRIPTION The disposable cleaning cloths/reusable dry wipes concept is identical
to concept 6; however reusable dry wipes are used for equipment cleaning. The terry
cloth reusable dry wipes are used a maximum of 5 times before washing. The wipes
are washed and dried after one day of usage and are discarded after 60 washings.
The dry wipes are provisioned 3 per day for a maximum of 15 cleanup functions. The
concept is oenalized for the usage of a washer/dryer for recycling the drying cloths.

f WMC H20
MAGNETIC SOAP I _-- HEATER

HOLO[R (4) --_ _ ..

PATH OF _ HANDWASH[R
14^not[ ,, I "_ 't ,a

,I.IAVE, _ I' I _J-- ; --SOUEEZ,,

! I "_ 01SeEe_S[n ;. I '_"_ LATCH

OPERATNGHANDLE _ \'%/_LI \1 ([;IdECK __'_,",, _]._X ,ALvU ;'_'I

wAs,t:to_,sout.,._.^.tA----..._--,-,_t""_-i_--, / _ k_

o.

%
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APPt lANCE COrICLPT 14 (TLIIPf.!IL)(IS A.qIii'LNAI l 11 $ CALCULAI IONS

C;Lz>///..,_/x-"t_d_/l_ L(_D_"P'_.)/PZ-.._ ..........

[k [.[cZ Ri_.C__A L _ 0W.E__R _RLQU!.R_LMrN_ S

• AC POWF R DC POwE R

.us.t_.r_,,_F @ @ nr_';.'m @ ® nI,';,,r,
(WAI T- H,C'l (WAI T- l!vl

CYCLE PEAK AVE RAO,E CYCt E} PEAK AVEI_A',[ CYCLI.

CO#4,PONENT (REF) (ItR) (WATTS) (WIAITS) 0.!)X _-3") (WATTS) (l,,'AlIS) (i.)X C )j

/t__r_____/z____.__._j -- ._._-_.... - _/__q.o _z__o____S__ '
_4_r__,'_.L,e' .,.cP_3_Z_'?_,._T__Z,_S..__Z__- ._Z_._,.L_ '

#

_5_Z_C. z, /_£__J 4o ____Z_c
MAXIMUN IOTAL MAX IMU,'.I TOTAL

i

l____ERM_Ak RE g U I_RE__Et_T__S

LATENT SENSIBLE HEAT LEAK TO COOLAtd

SOURCE (BTU/HR) (B'IU/HR) (BTU/HR) (BIUIHP)

__..z-___#/_-_4,_,_..S. ___L/__o..... _ -'-- __//___.
__¢.,;;,,,7_;,'7-_7_.... _ "7_6_.___ __Z__,_ ........ _ ....
L,(dzT__Pz/rzZ_.___ _ 2_._/___ _____i _ .......---_.....

TOTAL3Z_.N_A)__-Z¢'-_/l_-O ___.__,'2'_Z) J2.3 (//_)
WATT (BTU/IIR) wAIT (U'IuIIIR) WATT (BILilIiR) WATT (BltililR)

i

O_£.R_ATI9NAC __.[NALTi (S

THFIC'4AL ELECTR|C(tL WEIGHT VOLLiHL
# HEAT LEAK TO COOLAIIT

,SOURCE (BIUIIIR/CYCLL) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/MISSION) (FI)/141SSION)

___ _,4ms'_., - 2z /_.'5"o _/._,
.#_,¢._F___-_ __.3..__,_/.:__/_._.z,_,__i._ zT. z ___o ___6_.___

%

,. . ,,._e.z /s,.; //.7 .o_
,O,AE_C_._).___x,_,zx_)____e..z__ (_._ x.Z.,.z_)--.

WATTSIC_'([ I WAITS#CYCt[ KG/M I_,SI,q-N'" "- M 1:41SSIO'W

(liIUIIIR/CYILI[ ) (IIIUIIIRICYCI.[ ) (LB/I'II$SIO':) (II)IMI$$I0:I)
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II_PLIANCECONCEPT REQUIREMENTSAND PENALTIESCALCULATIONS(CONGLUDEr)

¢ONCEPT/_/DISkI_C_I_LCCC_Ii/J/I/_C_TI/S/I_US/I_UJ[_.Y_Jli_" XNDEXNUMbeR3,_/;./,/0 _

! r J X E D W E [G H TLV 0 LU M [ R [_.U ] R r M E N T $

WEIGHT VOlLe,lE
COMPONENT (REF) (LB$) (FT 3)

,Jq_e-L:z_-x:'/u.,ts/wz,oss/_fz_-J__.,¢_) ., 3 7,___ !,/5"
,O/_d__'CdmZ.iU_.CuJ i__.Zt/m Do. 7Z_____ .!o. /4
_</ _zp4:5 •_ l ,/7

q

' i

,o,__ i 4 z.<f_ (v.s._Sl i -<_'_ _,JJ.""__,tl'
; . KG (LBS) 143 (FT 3)

', S_.O.LiO _[XP_[NDAB_L_E W__TJVO__L. R!_UI_R[M[_ T_S__

ta'/UNIO_r)T-( @ ® ®WGrlCYCLE 'L/UNIT (PIP) VOLICYEtE

e (P_O._T,UN,,_<_E,>¢<_2 (,<o.vo_,o,,,>(_,,>®,,_TYPE UNI TS/CYCLr ( REF) (LB) (FT3) (FT 3)

"/_ __,._a- _ ,,___O_/_._G___J ___,_.

(
r _

,Ol_OeSbS
(LB) (FT_)

-_r" _/_______x__J_6'_..... x._.__ZZ/_N " I z 7.
% CYCLES/DAY DAYS/MISSION IOI.WTILYCLE(te)

TOTAL VDL

"-----l_-VL-L-I.'S7O)CY _AYSIMISSIOa T'OT.inf.-/CYCLE ? M'I- -('FTT_ .....
, (rT3)

.____S_IkiqU_i__ EXPENDABLES R£lIU_L _R[._MtN__! S_

(D © (!) ®AMT.RECOVE_EDICYCLE AMT LOSTICYCL[
MMT.USrD/CYCLE(REF) RECOVCRY,,. <<,> ,,<,o, _<:_ %_

" . E ® .__,.d____ E (9 ....o..ao/
"_ TOTALWT,

. , , .....; .
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SPACECRAFTSpaceStation

HABIT/d3ILITYSU_._ST[,.jFlousekeeping IIABITAD}LITYFUIJCTIO;_Equip_entCleaning

/}PPLIAI_C[FU_CCTIO:ISurfaceWiping

,i

APPI.]Z,,CECO_CEPTIIO./TITLEll/Sponges/EnclosedWettin9 Unit

"INDEXIiO. 3.1.1.11 REF. rlo. 236,170

DESCRIPTIO:IThe sponges/enclosedwettingunit conceptuses the wettingunit de-
scribedby conceptI. The spongesare con_pressedand are used for pickupof spills
of any type and generalcleanup. The spongesare made of cellulosematerialwhich
pxpandRtn a,nprnximatelv15 times its compressed:volumewhen soakingup liquid• A
singlecompressedspongeis 5 incheslong by I..6incheswide by .25 inchesdepth.
The spongevolume is 2.0 cubic inchesand weighs 18 grams. The wettingunit is
used for wetting/_ringingthespongesduring cleanup. The spongesare used for
cleanupand drying. Five spongesper day are provisionedfor a maximumof 15
cleanupand drying functions. Each spongesis used 3 times and discardedinto the
refusesystem•
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SPACECRAFT Space Station

ItABITABILITY SUBSYSTEI.1tlousekeepinq. /tABITAf;ILITY FUNCTIO:IE{_p_ent C!eanin,j

APPLIAtICEFU;ICTION Surface Wiping

APPLIt,_ICECOtICEPTNO./TITLE 12/Sponqes/gl:ylah llettinfl Unitt
"INDEXrE0.3.1.1.12 REF. tl0. 2361170

DESCRIPTI0_;The sponges/Skylabwettingunit conceptis identicalto conceptEl;
howevertileSkylabwettingunit is used for .:pongewetting/rinsing.
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IIABITABILITY SUBSYSTEt.I3.0 llousekeepin<j

HABITA[_IL.ITY FUNCTIOtI 3.2 Refuse Manag,'ment

APPLIANCE FUNCTION 3.2.1 Manual Collection

NUMDEROF CONCEPTSCOHSIDERED 3

ASSUMP.TIONS

I. The manual collection of refuse utilizes crewman collection of refuse. The
collection devices considered were bags and stationary containers.
2. The refuse mix used for the compressible/noncompressible refuse is summarized
on the next page. The refuse mix was based on reference 203.
3. The total compressible and uncompressible refuse volume was divided by the
volumetric capacity of the collection devices to obtain the total number of devices
required for the missions.
4. Tile stud_' assumed no compaction for the compressible t. ash collection devices.
Reference material stated that 20 percent compressible was possible by ma,,Jal
compaction [)y the crewm_n. However, the conservative approach was taken by
assuming no trash compaction because of tile variety of collection devices presented
the 20 percent might not always apply.
5. The weight __ and volumes of the r_fuse from all sources are sul'r_]rized in
Table C2-6.
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' TABLE C2-6

SPACESTATIOII/SJ[UTTL_EREFUSESUMMARY
SPACE SPACE

STATION SHUTTLE STATION SHUTTLE
(LBS) (LBS) (FT3) (FT?)

f COhPRESSIP,LE
H--e_aT-t-h--&--Safety 11.I0 I.296 1I.59 .372
Crew Quarters 120.62 115.4 128.7 2.39
Food/Drink 566.2 32.93 13.08 .993 ,
Crew Hygiene 171.32 107.58 129.36 2.48
ECS 0 0 0 0
RCS 0 0 0 0
Power 0 0 0 0
Structural Maintenar,ce 21.15 .236 .281 .030
Communications 0 0 0 0

TRASH D_ta Collection .25 0 .006 0

\ COMPRESSIBLEREFUSETOTAL 890.64 257.44 283.02 6.265
BAGS NONCOMPRESSIBLE

Hea]-th & Safety 0 0 0 0
Crew Quarters 0 0 0 0
Food/Dri nk 0 0 0 0
Crew Hygiene 0 0 0 0
ECS 0 0 0 0
RCS 0 0 0 0
Power 0 0 0 0
StructuralMaintenance 0 0 0 0
Communications 0 0 0 0

NONCOMPRESSIBLEREFUSETOTAL 0 0 0 0

COMPRESSIBLE
Heal-th & Safety 144.0 10.80 5.14 .386
Crew Quarters 0 0 0 0
Food/Dri nk 3975.56 314.12 158.37 12. 237
CrEw Hygiene 61.42 2.67 3.64 .095
LCS 36.98 6.95 .57 .43
RCS 1.75 0 .04 0
Power 0 0 0 0
Structural Maintenance 0 0 0 0

PISPOSAL Communicati ons 0 0 0 0

COMPRESSIBLEREFUSETOTAL 4219.71 334.54 167.76 13.15BAGS NONCOMPRESSI BLE
Health & Safety 0 0 0 0
Crew Quarters 0 0 0 0
Food/Dri nk 0 0 0 0
Crew Hygiene 11.38 .39 .72 .002
ECS 26.17 0 .14 0
RCS 207.03 0 13.43 0
Power 55.16 0 .730 0
Structural Maintenance 51.25 0 .206 0
Communications 96.998 0 1.82 0
Data Collection 8.31 0 .078 0

NONCOMPRESSIBLE 456.30 .39 17.12 .002
,
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I SPACECRAFT _S_pac_Sta_tinn
, , -,,HousekeepingIIA[;IIAI]ILITYSU[,SYSTL,, IIADITA[;II.ITY FU!;CTIC,_Refuse Manaqement

APPI_IA_(:[ FLI;:C]IO:: Manual Collection

APPI.I/',_CE CO_CEPT[_O./T]TI_E ll_lastelTrash Bags

"]IID[X IlO. 3.2.1.I REF. I_0. 2.83,203,170,297

DESCP,II>TIOII The waste/trash bags concept employs trash bags and disposable bags
for refuse collection• This concept uses the bag concept used on Skylab. The trash
containers are mounted on the back side of collector doors. The collector areas
are located in the food management, personal hygiene, and other areas wi_ere signi-
ficant amount of bulk refuse is generated. The study assumed 15 collectors for
Space Station and 3 collectors for Shuttle. Trash entry into the bag is through tl_e
front of tile collection door through a slit in tlle bag. The refuse collection was
based on its uncompressed volume. Disposable bags were applied for uncompressible
trash. The disposable bags are i_eld during use by snaps located at w_rious locatioHs
throughout the vehicle. Both types of bags have bag closure devices to seal the bag
after filling.
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/_PPLIA_ICLCO_d_tPTkL(_uIP[PffNIS A.°(DPLh/_!TlE_ C;_L'CULATIO,'¢$

:I ELE C.T_P ! C..AL _q_?_ R £ _ u x.R.[ _M£ N.T_S
J

A C POWER DC POWF _

CYCLE PEAK AVERA(,L (_;A1T-HR/ PEAK AVEPA'_[ (WA1T-Hk/
cvo [) CYCLe)

COMPONENT (REF) (HP,) (WATTS) (WATTS) O)XL'_ (W,'qTS) (WATTS) (._XCh

M.AXIMUt'I TOTAL MAXlML_ TOTAL

THERMAL E L .__ ;.R _E.M E.N T S_

LATENT SENSIBLE HEAT LEAK TO C_LA;IT

SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTUIHR)

TOTAL

WATT (BTU/HR) WATT (BTU/HR) WATT (BTUIHR) WArT (BTUIHR)

o__ r e__ T k O_N.A_k _ [ .H.A L T£ [_.}_

THERMAL
" HEA'rLEAK 10 C(lolA_'4T ELECTRICAL WEIGHT VOLUM;

SOURCE (BTUIHR/CYCLE) (BTUIHR/CYCLE) (PK WATTSICYCLE_ (LI)IMISSION) (FT_/MI_SION)

.

TCTAL |
_/ATTSICYCL[ WATI_,/(.YCL[ Kr,IMISSION M_IMISSION

(UTU/IIR/CYCLE) (BTU/HR/CYCL[) (LB/MIbSI(,N) (1'I_/MISSION)
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APPLIANCECONCEPtI_[QUI_I_,_{_ITSANDI'{;IALTI[S CALCULATIOrI_(COYICLUD[D)

CONCEPt///x//JC/¢".Z,.'_/_,'2_!_Jc;,_s XND_X_U,*ER..3',2.__/,/
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___.Bz__z.:s_ __/_.Z 2. '/,3_.... ,

i

,0,,, /_-3./ 03z_)1 L ._3_....Qg.4j_]
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m'/Um_r, LF) @ ® '®W'tl_ff VOLIIrYIIT(PEF) VOl/I_:I_.I"bJlo(
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SPACECr,;dTSpat?St9 ti£n

IIAI_IT;,Y,IL lIY _,,.,._'"'_vc'rF:1Housekeeping, IIAB]TAD!I IlY FU,,CTIO,C" ' Refuse I1anaqement

A_I'I.]H;C[ FtH_CTIO;_Manual Collection

APPI.]f',KC[ CO;;CEPTr;O./TITLE2/Waste Receptacles/Reusable

"IIID[>', I:O. 3.2.1.2 RZF. riO.170,160

BESCI'.IPTIO;; The waste receptacles/reusable concept utilizes aluminum rigid trash "
containers with tops with perforated slits• Replaceable plastic liner bags are
used for refuse transport. The containers are held to structure with steel sprinrj-
finger retainer strategically placed throughout the vehicle. The number of containL.rs
used for space station were 30 and 6 for Shuttle. The number of containers was based
on the fact the collectors are at fixed locations witl,in the vehicles. The same
container was used for compressible and uncoHpressible refuse. The number of plastic
liners provided for the concept were based on the refuse volume. The plastic liners
were assumed to be changed every 5 days based on volume of .68 FT3/collector (15
liners/5 days for Space Station, .634 line¢s/5 days for Shuttle)• The liner volume
was "assumed to be .27 FT3 less than container volume to allow for positive closure.

e

ClILdl'l|_ I1 II Ii11,_-,I _1 vw I I,ICI'IL Illsll r _l.i M('f_l li

.......................;!, :f
t.u. ib,,_i ,f _..... -i

• . • _-409 . (

1975025651-067



D2-I18561"b

APPLIANCTCO:d,[PT k[(JUIPI"INT5 A.'_BI'L'q,LTIfS fJ,LCUIATI('T_S

co_uP_/_.,//Z.,s.E.C./.;.c_"_/_//CLe_c,/_c._,.s,,_ezc.c." INUexNu:'_,._.__:.1,¢____

(L.[_.C T_n_l£X L pQw.[.n R..[.gU..I..R[.M[.N T S"
n

AC POW[ _ DC P f) W f R

......u'_f:.._,rF .........................(Z) ('_ t_r_,',,,Dor)..............................(_ ("C) D|,t,'_oCi3"--
CYCLE PEAK A','[_Ar,E (WATT-HPl PEAK AVEPl',J,[ (WATr-HW/

CYCI | ) CYrl l )

CCX_,PONE NT (R[T) (HR) (WATTS) (WATTS) O) X C._ (WATTS) (WATTS) (I) A _._
i

................................................

M_X|HUM TOTAL MAXIMUH TOTAL

T_H_ERM_AL rK _U .L_e.kME _tZ S.

LATENT SLNSIBL[ HEAT LEAK TO COflLA',r

SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BrU/PR

TOTAL ......................

WATT {BTu/HR) WATT (BrU/HR) WATT (BTU/HR) WATT (I.'TUI)_R}

OPI. I1.A T I O,N A L .P[ N_ L T .I.[S.

THERMAL
" " HEAT LEAK TO CO,)LANT ELECTRICAL WEIGHT ¥OLUMr

SL)URC[ (BTU/HR/CYLLL) (BTU/HR/C_LLE) (PK WATTS/LYCLE) (LBIMISSION) (_T_/MISSION)

TOTAL
IJATTSICwrL[ WATTS/CYCLE K&/MI_|O;i M)/M I S',Ir_N
(I_TUIIUIICVCLf) (I_Tu/I,RIL,_CL[) (LB/M|_,SIoN) (IT '/Mlb$i(_,'t)
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,o,,, l ,,5,_.,(_32.__ I ,'.__, ___:-;-__,t

'. sol io [___E[____P___._.t[ w__Vvo_.___[__f_ui__[_[__!__
@ ® ¢_®

_'T/UNIT (P[I) I_l'/l:l:t:l'il..i_y VOt/ll'ilT (_'[i) VOt/_ic,,i-I 1:;_"I'
I¢_ (PKG.I/T/ONI r)(,.cr) (_ _ _J (PKC,.VOt/gilT)(kCt ) (1)_' _J

TYP( UNITS/_I,'I[(R[t ) (LB) (LB_ (ir_) TrT _

__z_,z_zxzJ.x,v._D___Z____:_'z__._,__#.G/._-°)_J.a_ __,_.<,.._Xi___J_..zg_._7____

i ...........

IOlAL WT/CvCLL TOIt,L ,,_,CY_,
(Ce) (_l ')

-_zs,_," /_d7 x Z_4 _ /.3.,I#- • [--7;2.-2.
t.wOA# DA¢_/;_IS_Icr, l_)i-i.rt_.'_ i;_l-y' iG (LB]

', (Le)

-.,,..o,--_,<_"_n_, ' " ___,tz,_ .... • E--.-Z';-zd- (-'¢-_;'7)JI)AY".I_IS31b'i lOT.I/t,L 1_--_.:ll/.,elY* "_ M_ -[t f_]
t (lT't)

• 6A_J_-ItuI_E [x.._.[___l.[s. __[!l_u[."[_"i___

d) ¢) ® ©#t._rt.It( Cn_,'t I_f b/CyCL[ AffT L¢_T/C_CL[
_i .o5(oICYCL((_[r) IICOVi'_Y * ,,,,, (<,, ,,<,o. e,:_ %,._

- ,,,,,/_-

I ,1

,.. _ IOTAL iT. ! I

'--_'t, ii-T:_A_-- -l,1,_7_-i"2,-IbT- 'IO:lt{-i _'_'I',,rt.ICLC "'_-II-'[C_T-_

(x_ (tin) ¢s¢)
i
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SPACECRAI-T._Space Station

IIAB]'TAi;IL]IY SUI;SYSI[_I l!ousekee')iiz_Eg_ IIAB,_IA[IILITY FU_CTIO_IRefuse Management

APPLIA_CC[FU:iCIIOHManual Cellection

APPLIA_CE CO,'_CEPT[_O./rlTI.E3/Waste Receptacles/Disposable

"fill)E>', LIO. 3.2.1.3 REF. NO. 170,160

I)[SCI',]I>TIO:_ The waste receptacles/disposable concept is identical to concept 2
using disposable plastic containers. Plastic liners were not used since tile disposable
container provides the means of refuse transport. The disposable plastic collectors
are held to the structure with plastic spring-finger retainers. The spring retainers
are strategically located throughout the vehicles (33 for Space Station; 6 for Shuttle).
The number of plastic collectors were based on the trash volume (2.16 per day for
Space Station; .83 per day for Shuttle) based on .95 FT3/collector. The storage
volume of the containers was based on a stacked configuration, i.e. like paper cup
storage.
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s APPLIA:dCECO_ICLP1t,:[(_LIIPft'_tl_S ANDPENr,LTI[S CALCULATIONS

I E_L_E_£T_R_XcC.A.k PpW£R. RE.q!tL___.E_MENTS I
1

AC POWER, DC POWEP
--- O)

CYCLE PEAK AVERAGE (WAFT-fIR/ PEAK AVERAGE (WAIT-fIR/
CYCLI) CYCLE}

CO,',IPONE;_T (REF) (HR) (WATTS) (W,_TTS) L'_X_ (WATTS) (WATTS) QXL_)

:

MAXItlUtl IOTAL MAXIMUM TOTAL

T_HHE R_M_A L R.E_.._.U_IR.E_M E N T S

LATENT SENSIBLE HEAT LEAK TO COOLANT

SOURCE (BTU/HR) (BIU/HR) (BTU/HR) (BTU/IIR)

TOTAL __-_

WATT (BTU/HR) WATT (BTU/I_R) WATT (BTU/HR) WATT (BTU/HR)

O_P_£RAZI_.0.N_A_L_. ERNA_k TI_.E..S.

THERMAL
ELECTRICAL WEIGHT VOLUME' HEAT LEA,, TO COOLANT

SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/MISSION) (FT_"/MISSION)

_ --
b

.,i iTOTAL
"-t"IAl1S/-C_;(.[].--- --WA_ISICYCLE, KG/MISSION M'/MISSION

(BIU/IIR/CYCL[) (IIIUIIIR/CYCL[) (II_/HISSION) (I_T_IHISSION) i
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APPLIANCECONCEPTREQUIRU.',[NISArID FENALTIESCALCULATIONS(CONCLUDED)

CONCEPT3_¢/L'___C/_7_//e_C__/;)/:;,'/__ _CC" l,DEX_UMBER_.,_Z_.I,________

F I X E D WE I G H_TJV O_L U_ME R_E___U I R E HEN T S

WEIGHT VOLU_E
COMPONENT (REF) (LBS) (FT _)

__ -C_<z_ //./o . , L,_
¢

e

i ........

,0,,_ l /5-_._-cs_ I ._ c__
• , _ (LBS) Ms(rT_)

', SOL I D EXPEND_AB.L E_ W TIV 0 L RE__Q!J I R EM E N T S

® ® ® ®
WT/UNI1 (P[F) w'r/G.T-c_LV_V' VOLIUNIT (RFF) VOLI_/.,)_ _

_/_"b_( (PKP°'WT/UNI'T)(REF) 9_B? (PKG.VOL/U'UT)(REF) ](D X'DTYPE UNITS/ REF) (LB) (FTs) (FT_)

" _ 2.m___ ---:-,.T_'_/.-_v _-a,_,_,__f__'J_JJ__....

__ (LB) (FT 3)

"' (LB)

TOTALVOL _,_Z_, _¢j-,-,_,oN.-_(do x ___/a'4 ,_.L_.4__+__.o+-.L__._yAY DAYSIMISSION TOT.VOLICYCLE _-TT)
, (FT3)

• __A_LI_,UID [X_EENDAB. L ES_ REQULRE.MEN!S__

AM'T.RECOv[P[DICYCLE AMT LOST_CYCLE
AMT.USED/CYCLE(REF) RECOVERY

TYPE (l.B) " FACTOR (_)(_B(_ 9LB?

.... I

• t

E® E®

' , -_1T_1-o_-"--'CRtT/_A'Y----x_'Y-S-/M-ISTFOT¢--X • +_tTL-i b_-_ Y'CLT kG_U--'---
¢z_ (Ue} _ (D
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J,
IIABITABILITY SUBSYSTFH 3.0 Housekeepinq

HABITABILITY FUNCTION 3.2 Refuse Manaqement

APPLIANCE FUNCTION 3.2.2 Vacuum Collection ,

NUMBEROF CONCFDTSCONSIDERED 3

ASSUHPTI ONS

I. The vacuum collection of refuse utilizes varibus types of vacuum cleaners.
to assist in cleaning of. the vehicles. A central vacuum system was not considered
because sizing of the unit is dependent on the detailed vehicle :onfiguration.
The configuration was not defined well enough to size a represertative system

for trade purposes, therefore only hand held units were conside_'ed for the study.
2. The vacuum usage was base_ on 24.5 minutes per day, This w_s based on the
following rationale.

(I use/day) 8.5 minutes/day (I hr/week)-general cleanup
(3 uses/day) 6.0 minutes/day (2 min/meal)-meal cleanup
(I use/day) I0.0 minutes/day - emergency cleanup

( 24.5 minutes per day (.408 hrs/day)

°

C2-415 .,
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" APPL I &t_CE
COt_CCPT

NOo C O _1C E p T N A M E

I .-- vACuU_ CLEAt, ER (SKVLt,_} ..... ,

2 - V/,CuUM CLEA_.ER (COt_[RICALI
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CONCEPTNUT4BER

VacuumRefuseCollection(SpaceStation)
ConceptTrade
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SPACECRAFT Space Station
i

IIABITb,I;ILITY SU[_SYSTLMHousekeeping IIAI_IT/tY,IL.]IY fUHCTIOH Refuse Mana¢ip_;c,nt

APPLIAkC[ FUHCI]OH Vacuum Collection

APPL]f, HC[ COHC[PT ICO./TITL[I/Por_able Vacuum/Electric (Skylab)

"INDEX I_O. 3.2.2.1 REF. NO. McDac, 297,283
"-=I

D[SCI',II'T]C);d The portable vacuum/electric is identical to the vacuunl used on Sl->lab.
The vacuum has a hose and pickup attachments to assist in vacuum pickup. The unit
has a.strap ar:d handle for carrying/using tF_e unit. Vacuum cleaner bags were
assumed to require changing once per week (.142 cycles per day).

C2-423 " "
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APPLIANCLCur,C[ PT H.,,dtlIr_"! '_'._ ;_,,; t'f ed_LTI[$ Ct,LL',.L,_T|{,'d_

ELECT R_I.CA C POWr P _..[ _U Lp [ _.[,_'r s-

AC POwl P Dr. POW[ _
G_ C_ ............ [p-_;u,_"r,.E ® 0 _,","_._ ® ® _,,',',:'

CYCLE PEAK AVEPt,r.r (W_Tf..P,, PE.',K AvFPt,r,r (WATT.... /
CVCLEJ CYCit _

• CC._,PO_'IENT (REF) (HR) (WATTS) (WATT_) C_ x_.'o (WAT',S) (WATTS) 0,_ _{_)

#

' ____ " 21.7._'
I_U_IRU,u, " TOTAL MA_IM_'4 TOTAL

LATENT SENSIBLE HEATLEAF TO C_)LA_iT

, SOURCE (BTU/rtR) (BTU/HP) (BTU/HP) (BTU/H;,)

; _-_,_ ....... -- ___ d,z __ _.... -- ....

' ,O,AL " 2_.8"(2/o_Z) _(_,8_.(__) ....
WAIT (BTU/IIR) WATT(BTU/HR) WATT([_TU/Hk) WATT(t_T'/l'_'

I

TI,IE_'_A'
HEATLEAK TO corott,'_T ELECTRICAL _ IGHT IOLU,_[

SOURCE (BTU/HR/CYCL[) (BTu/HR/LtCL[) (oK I_MTS/C_CL[) (LE/M|_SION) (rT_/MI_$:e_,)

- -

IOTAL

(BIWe641CVLL[ ) (Eh_l,k/C_CL l ) (Lg/MIS_,|0,_) (t 't _/t'l',S IC,_)
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APPLIANC[ CO';r.UT lq(,JII.L"[ ,._, A',[; ;U,t, ITIL'; C/L(.qATI_% (LC',q_;219)

(:ONCLPT4_._'._/./.'/_/,_LL.j__._'L)(}J///&L L C'//.jC_ (,.'/. '},-'/J)/.) Ih[,l.. t P;LI_LEI_.._,' 7 2 /

I _!x_[. o _H_ ! G.,_T/_.0L ,J.F'r .*£ ClUL RL.,._ _ s
W£F,HT VOl.LP_F

COHPO',ENT (R[F) (LBS) (rT_)

yn_ ._,, z_,._//¢L ?G./',_.) - --?c{ _'a...... ,7 :"

.di Z/J:', "/'_7J/A:; )_ ,+

. _ (LeS) _ (FT_)

S Ok I__D. [_ X.P__[ N O_A B L.£ _ T/.V_0_[_ __[(_ U [ P__E._[ Pd T S

k'TIUNI P!F) Vl'i'ICYCL[ VOL/L'rdIr tPIF) VOI/r _,li [

IYP( UNITS,,:YCL[(RFF) (_B) lIT]) i[)'

.........................

-:E_-_-.._:7.i....... E_;,_,0:,,..._,,IOTAL VVT/L_'LLL "(_(*"Z__*'-_7
(LO) 'f1,}

IOTA[ L'T,

,,,_,0',-'_.;,;;" , I_'7- , .o/7 • [--_Zof _-'-_--'<'_'_I% r,,Y_tF.t)I_).__ OAfb/HI% 15'l ..... TOr.i,flr._CL[.... K6 (L "(LS)
I 'At V_L

-- --_LLSt_Av' _ b/ l_61L.td IUT.V,'L/ULLL "..... _'_ (iT';
. (rTI)

c_.A.S./+Lt q u_t. '_ [ X_P [.N _'A B.L [ ._ 11 __.q _. J+ _IIt M [ _ .l $__

@ <D _ ®
A,lq.I_[_.n,'[;-ir)lCK k[ kJ_tL_", c,rL r

TYPE (LS) FACTOR

EG E®
"t TO• '+ , TAL kiT. ,,

. <++ ",,._.|Oil-" , • . " [ }
--]_ii-/LA!r-----'_A'fS)_lSSl;d-'-I fO't_'L-i_'_',';vd.[ --i_--_Lel ....

= r_ (+o1 (_ E)
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SPAC[CP,AFT S/.,ace Station

IIAB]IAI_]LITY SUI;SYS][tl IlousekeeDinq IIABITA[I]I.ITY FUt;CTIC)t;Re_fusor,___lg_n_a_jr..,mont_

APPLI/",_CE f-U:ICTIO_IVacuum Coll_;ction

APPI.]f,_;C[ COXCEPTT;O./llTl.[2/Portable Vacuum/Electric (Com_mercial)

"INDEX f_O. 3.2.2.2 REF. riO. 170

DE._CP,]PTIO;I The portable vacuum/electric (commercial) concept is the ._ameas
concept l except the unit is made of plastic and is a commercial unit operating on
AC power. The unit is lighter than the concept l version, therefore was presenteJ
for the purposes of trade. The unit would requii'e considerable development and
was penalized for its development cost. Tne vacuum cleaner bags are identical to
concept l and are replaced at the same frequency.
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APPLIANCECOrlC[PTPEqUI;-'tr'LrCrSAt,b F'ENALIILS CALCiJLATIOtIS

CONCEPT.Z__/__-C//,_(/4S&_L_'ZC.S/<:-':','//2_ C C 71,;_c (_t ,#,,t/_X; U,? (J X,_DEXr_U:_R ,___,_2._Z__.____.

El.EC T_RI.CA L PP.H_EP_ k.t___u ! RE._E N.!S
AC POWER DC POWI'R

,eh,,__dg.__e ® o_;,,%-G ® o,,,,,_
CYCLE PEAK AVERAC,E (WATT-PP/ PEAK AVERAOE (WAIT-h_/

CYCLE) CYCLr)
COHPOhIEI'IT (REF) (HR) (WATTS) (WATTS) ([_XL_") (WATTS) (WATTS) _')X(Z)

_L___ /_; __.ZO__ z___qo _Z_£?__z,I. U ..... ,

m

2qo __._g_
" MAxIHUH ' TOTAL P,AxI FIUt4 TOTAl

THERMAL R_.E_Q.U!_P f M E i'i_T.S-

LATENT SENSIBLE HEAT LEAK TO COOLA',T

SOURCE (BTU/HR) (BTU/I ') (BTU/HR) (BTU/HR)

, ...........
WATT (BTUIiIR) WATT (BTUIHR) WATT (BIU,'HR) WATT (BlUii,P)

i

0 I'E_R_A_!k.qSA k tE__NAkl I[_S

THER/IAI." '
HEAT LEAK TO COOLANT ELECTRICAL WEIGHT VOLU,"Ir

SOURCE (BTU/HR/CYCLL) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/MISSION) (FT_/MISSIC¢I)

'I

,i,

• "j

TOTAL
- WATf'S'/("_i"ti-- wATTS/CYCtE Kr,/HiS.',|C,'i M'/M;t,SIP'I
(BTU/HR/(:YCLI.) (BIU/HR/CYCtE) (LB/MISSION) (IT)/MI_,SIL,'i)
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APPLIANCECO:_CEPTRLQUIIq'_LNT%Arid I'{N;tLTILS C/',LCULATIO,%(COfICLUDLD)

CO,CEPTZ/_Z_Y__:C,U,,z A_z_c.,FlC(_.,,,,,,_'<,/jc) x,DtxNu,_ER=_,.Z.2_._4__.

PIXE_D WE I GHT_/VO_L_U.M_.E_ RE_gU_LRE_ME N T_S__

WEIGHT VOLUME
COMPONENT (REF) (LBS) (FT))

_J_/___-,_v_z2L___._t"./___z_9.) /o. _ .2 9._

_,,?iLmji _+l
V.._g_m.lL,',Ti C _cfJlW_CT=_JLU_ . ,4____--- , O_

• , KG (LBS) M3 (FT 3)

, S OL I D .EX P__E_ND.D_A_B.LE- W___'rJv_.O.L. RE_LI! R E_v_,E_N_T S"

® ® ® @
I/T/UNIT(PFF) I,i'TICYCLE VOLIUNIT (PEr) VOLICYCtE

TYPE UNITS/CYCLE(REF) (LB) (FT_) TFT')

E® _ ,ozz ...... _,_ -;Z;<F___,;7,7
IOIAL i,;T/C_Ll[ IOiAL VOLICYL<

(LB) (FI_)

CY-CL-ESIDAY DAYSIMISSIOti'---- i0T7_17C-YCi_'E-----
\ (LB)

= • _ ]_- ____.. _ -_<;--__ss_o.___,i4Z x I__4 ...... x_____._,___47 ._
C-YCLESIDAY "--D-AYS/MISSIt;t_ TOT.VOL/CYCLE _I"S'__,_ LJJ

I (FT_)

• G AS_./Ki_Qu i D £ X___E_EE A_B_.L_£S_ RE__llL_'LRt_ME_N_!S

® ®
(_) (_ AMT.RECOVEPFD/CYCLE AMTLOSI/CYCLE

TYPE (LB) FACTOR Z

- :._
%

' _" X X • ,i
, "klsslot_-" "-"_'Y'I_-LE_A',"-"---"I_-A'Y_TM-i-SSiO_I_ _'-O-T'A'I--i'O_T]TC_'CL'_" "'_'-G--_i_-=BT-_

(I, _J) (LB) (,I: (D
¢,

C2-428

1975025651-086



, _ i 41 i 1 t
' DT_-ll"', -b

°,

z:

• °

SF/,CEC_,,,FT__S_pakeSt_>_l_n

IIA[;llAI;]LITY SUGSYSIE_Housekeeping IIA[IITAI_ILIIY FbilCTIC_lRefusetlanaq_mq_nt_

API'LIAHC[ FU:ICTIOIIVacuumCollection

APPLI_,IICECO:IC[I>TIIO./TITLE 3/Portable Vacuum/Space Venting

"II,'DE)',I_0. 3.2.2.3 REF. IIO. 1022

D[SCR]PTIO_I The portable vacuum/space venting concept uses a vacuumunit vented to
space. A max:.mum14.7 psi delta pressure is available, however the filter required
will reduce the possible suction at the pickup nozzle. The concept was triud on
Apollo, but did not provide enough suction. Proper design of the hose and pene-
tration in the vehicle shell can inake this unit operational. The collection ha(_
used in concepts 1 and 2 serves as the filter and refuse trap. The flow used
was based on the concept I; I0 CFi,]. Venting overboard is allov:ed, since the
vented gas is filterd and clean.
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t_'l'tit_t_C! CU'_L(PT P[_J|k}Y[t_:'. .,i) PL!,;,LI]['S CAL_'JLAT]ChS ,

E t E C T P, I C A I P 0 W I R R. k _U I I_ [ I_ r ;i T S
i ...................

f,C P OW L P BC POWI R

Q') ......................... _ ..................... ('h"--
CYCLE PEAK AVI P/'riL ('v,'ATThVl PEAF Av[i,'t_',l" (Wt,I I HP,/

(_fl[) CYCLE)

CO,V,PO_iI !iI (R[I) uIR) (WAITS) (WAllS) C]) ) Cj_ (WATTS) (WAITS) (_)X( h

...........................................

............................

........ ..........

PAX I_'UM IOTAL MAX IP,iirl IOTAL

T__H E. _r M .A_L R_ K q u_L R LM e.N L_S_

LATENT SENSIBLE HEAT LEAK TO COfltA_IT

SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BIU/HP)

TOTAL ..........................

WArT (BTUIIIR) WATT (BTU/HR) WAIT (BTII.IHR) WATT (UTUIIIR)

o pe. r..a.t [PrAk Pe_n.ak_t._L.e.s_

THERMAL
ELECTR IC/tL WE IflHT '_OLUVE

- * qEA'T LEAK TO COnl A;IT

SOURCE (BTU/HR/CYCLE) (BTU/IIR/CYLI [) (PK WATTS/CYi.L[) (LB/141Sg 19'_) (F T_/_41SSION)

TOTAL

- l"77t'lT_1c"-_?[ i .... 7";_,]7"-ic%<-I'-t.... K--c,_i_I-",_-i7,n"-" ---M"Ti'l ',_>'ik'T_
(IJIUIit410Y_ I _ ) (I_TtJ/,_IVC.YCLE) (i llti41',SIOh) (I I _IMI'.,SION)
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APPLIANCECOIICEPT_EQrII_U"EhT3/,'IUI'Ef_ALIILSCALCULATIL:,_,(CO'_CU':,rD)

'f-"k - w 7 ..;/
CONCEPT_,:_,&_gd_'_.")-,,J.__/,.L._I:/Z')CUI.U)///.-"I_/JCr4"_/'Z,AJf/I_CI INDEX _U rCE..._._-_--'-W,_-.'-._dL

F_!x_[__ wEtGH.TIV0L.UtCr R._EqU__Z.__M_L_!l
WEIGHT VOLUi'4E

COMPONENT (REF) (LBS) (FT3)

_-__zz_ ./_z'_z___-:_0/a)
. .{_//_/,:Z__-___Lj_= =:..c.___zL,W,_2_____7, o ,1 7_S" .....

__.d_Ei_-lczmz_.,':.::.2
.Zd_,:z:__c.,_s._c./_.z-__Id/i:_,__._4___._dgg-- , c-7,<:::,

e

a

' . IrZa(LSS) M 3 (FT3o)

'. S_O.k!D - E_x__P_E.N_DAB_L E W_TIVO. L- R__E_(1U_I_RE_M__[r!!S

® ® ® 0
W'T/uNII(PEr) Iw'T/CYCLE VOLIUNIT (PIf) VOLIC'_CIE

(_ (PKG.WT/UNIT ) (I'F.F) ]_(__ (PKG.VOL,I",IT)(I-',I) (I')x,4)TYPE UNITS/CYCLE(REF) (LB) (FT)) "_T:_

.__4;F___&'_.c_/.hZ__
-- _--:-';-7-'- . .) / "7

--- _jT,.D_,_/_7....... Z _: ,:.,_.z:._7
IOIAL w'TIC'GLE IUIAL ',',; CYQL

(LB) (FT')

TOTALWT. :: 4,_:,j
_iSSlO'i- " ,._/'_Z x _t#_'_¢ .... x __.,.,_P?/'..J_ . __ " L____,__?__I (LI;}"CYCLLSID,",Y OlYbl_'tlSt,l."i lOT".Wi/C'ICLE IkO

\ (LB)

TOTAL VaL

CYCLi.S/D_-Y [JAYb/icIS-SIOrl 10I. _,LIC'_CLE 7- M_ (FIT) - "'_ _
I ltT _)

• ______SJL_.! Q u_J__ [ X P E_N_D_A B.t..E._S R [. Q _Uk e. [. M_E. _N.t S

® ®
I_) C) /kM_.RECC.vflrnl'..YCLE K_T L('jST/C'_CL[

A,tl,,USED/Cyc LE(R_.l) RECOVfRY (,l)(_(4_ Q)_C_)TYPE (LB) fACTOR

,_..zv:e-,<,, _,,37__ #___ /,,,'/_.___ __J,d_Z......

Z:c) _/,31____ )2.® ___/.a_Z......

..... ,!- 3" I_4 x " " " "
"-'-_Y-_.DAV --DAYST_':I%Io_-- 0 AL IC.y'rlCYLL_ K_"{I.B'}.....

(z_ (LB) (S:(D
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tlABITABIL1TY SUE,SYSTEI,] 3,0 Ilous(;l:ec,ping

HABITABILII-Y FU,,CTIOI_ 3 2 Refuse k_,.laqement

APPLIArlC[ FU,,CTIO,I 3 2 4 Refuse Processinq

NUHDEROF CO_'C-PTS CO;_SID[P,[D 12

ASSUHPTi OtiS

I. The refuse processing of refuse utilizes, co::_paction, shredding, incineration,
and decomposition metlkods for processing. Tile shredders were combined with other
processing concepts,suc]_ as compL_c'ors to increase the efficiency of refuse w)lu_'.e
reduction. Shredders were not considered as a separate method for trash processing
since it actually increases the refuse volume and requires the aid of ,_ comi)actor
or incinerator for reducing refuse volume.
2. The refuse mix used for tile compressible refuse volume is summarized in
Table C2-6.

3. The incineration and (lecor:Iposit_on concepts 9through 12 were considered only with
shredders. Reference data indicates shredders are necessary to achieve efficie_t

• performance of these units.
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SPACECP,AI-T Space Station
IIABITABILITY SUBSYST[H HouseL(.ekin S HABITABILITY FU:_CTIOrl Refuse, rlanam'ri_t

APPLIAt_CE FUHCTION Refus(, ['roze_!ns'I

APPI_IA_;C[ CO,_C[PT NO./TITL[ I/Compactor-Air Pressure

'IIIDEX NO. 3.2.4.1 REF. NO. 203,123,170,270

D[SCRIPTIOH Tile compactor-air pressure concept uses air pressure against d piston
for refuse compaction. The compactor is used for dry and moist compactible refuse.
The unit provides a sterilant to the waste to prevent bacterial growth. The refu:,e
is placed into a waste storage bag in the compactor. The compactor is actuated
and compression of the refuse is accomplished using cabin air pressure of 40 nsi.
T.hn rH_f_n ,,_A _c,,r Ø�ˆ�S+,,.I,,....................... j ',;as 9 inches square which results in 4000:} of com-
paction pressure. The curve (see Fig. C2-1) from reference 123 shows 30 psi is

more than adequate to a_tain a 0.2 compression ratio. The uncompressed refuse
volume per day 2.45 Fl"/day: for Space Station and 947 FT'/day for Shuttle. was
divided by tile compactor volume of .47['I .3 to determine the uses per day. Prior to
tying the waste storage bag liner a sterilant capsule is placed into the bag,
After tying, the capsule is brok2n releasing the Cterilant gas.

" ,........ I _ ]_ _1
""':!._.J ".".:-'.-.._-': t'"'" I

• k.
_t_: _;'_ ,.,I_ _

i
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APPLIANC[ CONCIPT P[(jdIP["+ NT5 /,h[J +'[' AtTILE, (.At CUtAI i0',5
CONCt'PT//C,.' ;tt /,_C /-__._' - ,,'; /t; ' "- _ *_.,,_..._........ ......... ,,-_x(++.;,+,,-_. XNDLxN:_I_LP_3,:_C._<,_/.___

[ k L.cT E.Lc.A .L. .P_9,_ R E rg t!I.Rr _ L!__TS

A C + P 0 W I"R ..... D_..C_.___P0 w [ R....

J._S.E_,_'.E (_ _ U_",",., LbQ"-" L6_ H r.'.',I)
CYCLE PEAK AVEI,A',! (WATT-IL./ PEAK AVE_AhE (w,',l; -_w/

CYCL_I C_CL[_
COMPONENT (REF) (HR) (WATTS) (WATTS) (_ X(_() (WATTS) (WATTS) _x_

_/0 .... _,lC_7_
MAXIMUM ' TOTAL MAXI_,UH IOTAL

THE_RM_,AL R__E.gU I.R [M E N T S

LAIENT SENSI_LL HrAT LEAK TO COOtA'¢T

• SOURCE (BTU/HR) (BIII/HP) (BTU/HP,) (BTU/HR)

TOTAL .............. ._.._J/_C .'i ..... __'__¢,,,_, . ..... ---

WATT(BTU/HR) WATT (BTu/@,) WATT (BIUIIIR) WATI (BTUI,_'

Ii

9_E[_RAZ!ONAL. _E N.A_LllE _

THE
l

_IAL° [LEClR!CAL WEIC,Ht VOLUME
HEAT LEAK 10 CO_':A';T

SOURCE (BTU/HR/CYCLL) (BIU/ttR/C_CLE) (PK WAITS/CYCLE) (LB/MISC,ION) (FT_/_'ISSION)

,+ -
L , +" "t-

' TOTAL

(BTU/IIk/LYLL[) (BTLJlH,:IC_CLt) (LIJ/Hl S",ION) (It'IMIS_IL'_)
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conctr,t././,,.";.'/.;';:S.-..'__/_/, / : _=,.',_;x'(: irmLxT_u,'n%._Z.'./;_/ .....

FJ.x_E.D .W.e.£ : I, M'.'0 t u_:l r [._ Ut p F_'.e_Lt_s
,f

WE I r dT VOt ll_',[

COV, PON f NT (REF) (L E', ) (FT _ )

_2z2:_-t/,;'.:/:_.(,.:,:.,,:.___(1_j_:) _ 7_ ............ Z._.__:<
,_LE.Z_.LL._'jLdl_ #.II','L'- ./ .'_ ._.......

, _:_L:;.LL__,,__:_,':_,c_,d_,_ ..... .':'3:,_.......... _':__,C-:...... '
............. J ............

tot_ [ --': ""' ,,'Zg 2-_
, KG(t_s) M_(_,)

', SO L.I..D E X P_E _ND A {_! F W_]/V 0 t P .[ _U I R_.EM F '_dT S

WT/UtdII(fLl) I,IICYCLE VOLIUNII (R[I) VOL/I_r!I

(_) (PV',.wt/c',It) I,'L_) _") (PK',.VOi/,",,,)fi'Lt) ¢,:_)TYPE UNITSICYCLE(k[I) (LB) Bi (IT') T

L_._<,_ ....... 7---___-_-_-iL-T_;_............

>.."© ....:'. -;o,r Y'.(:,_ . <_.,:, -_
IOIAL_T,L_LLE" IU_AL ;,l,CY ,

(LB) (il')

Toi^__T. i,_:/ :,:<_: . __.-- -,_r_:s/.::v .....-,,_;,"-_.<';_-klSSlO!i" ____"_,_____ X X ,
CILLI_3/I);,Y ...... LIki_,/U.IL>',Ic'_ TOT.I',TIL<_L[L ......... KG II_j) - -"

% (LB)

TOTAL VnL .--. /,_,,_-M_o.," ____,.__ , I,_'i _ , _,ca - [---;7,.3"?-...... _.,.(:)]
LYCLLb/DAV....... DAYal.'.IIt,3It._i- ---TOT.Vc_./CYLLE-- MY {II"r)

I (ft_)

• G_A_S./.LI (}_.tI D E x.p E N D A H_L f S R.E o u I r E M [ N '_ S

AMT.RECk',':,'P,'CYCLE A,',4TI0_"'C_'I[

TYPE (LB) FACTOR

__
[ i

"_ISSI0r,-" x x • ' " I__.. i
--'{-Y_'L'El{',,_,l:.... DA'YS-/"II'.,3fuN- 'TOTT_L"I-u;TiUfLl I- K_" {lt_ ......

ocL_ (LB) (Z(D
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SPACECRAFT Space Station

IIABITADILITY SUBSYSTE_Ill°u_'eI:eel_in<I- IIA[_iTt,DII.IT_'_' Fb,,CTIO,_"', R,fuse Hanac1_,m,_,t

I FU:_CTIOII Refuse Proc(,ssing •, APPLIN_Cr

I APPLIANCE CO_;CEPTIIO./TITLE' 2/Com_,actor-Vacuu':l
']IIDEX NO. _ 2.'4 2 REF. NO 203,1 _"_. • . _,170,270

DESCRIPTION The compactor-vacuu!_ concept is identical to concept II with the
exception that a vacuum is used to apply tin; coz:;paction pressure. The maximu:l
pressure available is 14.7 psi, therefore, using the same size compacto_, the
compression ration will be 0.35. The uses per d_y is ti_e same as eonce_;t l, hey,-
ever more bags will he used per mission due to the lower compression ratio. C_,.t,_n
air is lost each time the unit is vented to vacuum. VenLirig uv_,rbo--' was al
since the cabin air is not contaminaLed.

i
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APPLIA°4C[CO"r[PT " ""_Ir .... [.f,r,,v,A ,_ J t,',UFEhALT| Ct_ICUiAl_',S
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[t_E___C!R.[CA__L_ppwEp Rtq, kRr.[,_!5
A C P o w F R D C___ P_(_ W [ _

............... _ ................ (D
U_E"_,"[ Q-') _(ff) or";,',!, _ L_) [,_r';',:,

(wAIT-*,,,,/ PEAK AVE_-A,F (_,';,Tr -, /
CYCLE PEAK AVEI'P,,F CYLL_ ) CYCLE

CC)t_POYd_hv (REF) (HR) (WATTS) (V;ATTS) (_ X_f) (wA'TTS) (WATT:) Q_ X'j,

_;z'c r L__,L' "_ " ___

s

/o _,167_
MAXIMUM " TOTAL _AXIMUM TOTAL

I

'rUE_R_UA_L REgU_L_R[MEN_S

LATENT SENSIt,LE HEAT LEAK TO CQO_A',T

SOURCE (BTU/HR) (BTU/HR) (BTU/HK) (bTLJ/Hu)

TOTAL -- -_L _ .... _____ (,: C':;......... "-

WATT (BTU/HI_) WAIT (BTUIH{,:) WATT (BIU,'H[;) WATT ([?t,_'r'

OEERAT.LONAL _E_NALTIES

THEP'HA/° [LECTRICAL WEIGHT _'Olb_E
HEAT LEAK TO COOtA',T

SOURCE (BTU/HR/CY{'LE) (BTU/HR/(YCLE} (PK W;,TTS/CYCL[) (LB/MISSION) (FT_/HISS:.',)

%

- x/l_t._-
#

TOTAL
--WAIlS/Cvf[[ w&_rT$/C_(lI l.fi/M|'.,bH_'_ H_/_I'-,[,i:"d
(BIU/IIR/OLLI) (&TJ/.R/CVCI[) (LB/MIS',I,:,) (II_/Ml'.,SI''d)
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SPACECRAFT_SpaceStation " "

HABITABILITYSUBSYSTZt.Illou_,ekeepinq__ IIABiTABILITYFUNCTIONRefusellanagement

APPLIAtlCEFUr'ICTIONRefuse Processing i

APPLIAtlCECO_ICEPTNO•ITITLE"3/Compactor-rlotor. .

'INDEXNO•, 3,2•4•3 REF, rlO.203,123,170,270,202 ;

i

DESCRIPTION The compactor-motorconceptis identicalto conceptI with the "
exceptionthat a motor is used to apply the compactionpressure• "themotor is
a linearactuator• The compactoractuationand loadingwas assumedto be identical
tO .concept 1• .
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• APPLIANCECO_,C(PTREqUi_t_._NrS_V PCN_TIESCALCU_ATZONS

' i _'_ E L E C T R I C AL POWER R £ O_U I R E HE N T S _

1._ AC, eOW(_ . oc eowEp.
_, _, _-use.E ® @ Dt o @ ® oE._.o

(WATT-HR/ (14ATT -HkICYCLE PEAK A, _RAGE PEAK AVERAGE

i CVCIE) rvCL(] '

CG_PONEtlT (R[F) (Hk) (WATTS) (WATTS) (_)X_ (WATTS) (WATTS) (_) X(_

" • @ '"

; IQUIII_M ' TOTAL I_1 I!_1 . TOTAL :

!._(E._A_L __[ o.u __ (. E. Ts

_ • LATENT SENSIBLE HEATLEAK TO COOLANT i
• SOURCE (BTU/HR) (IITU/HR) (|TUIHR) (IITU/HR) :

t •
I '

, _

WATT(BTU/HR) WATT(BTU/HR) WATT(FTU/HR) WATT(BTU/HR)

i . -
I '

HEATLt_K TO COOLk'_T (LECTRICAL V(lfiK/ *VOI.UI_T
_OUIE[ (ITU/IIR/C _.L[) (IITU/HR/CYCLE) (PK HATTS/CYCLE) (LII/H|SSION) (FT)/HISS|ON)

_/_

TOTAL VATT$/CVCLE WAIT$/i;VCLE .... I_,/MI SSI(Vl MImlSSt_,N
• (IITUIIfR/CYCL() (llt@/tlg/CVCL|) (LI/NISSIOII) (FTI/MI$SI(_II)
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! APPLIANCr C05CEPTRCQU|RL_FNT$APIDpEtiALT|LS CALCULATIONS(CO+'ICLUD_D)

CO_C(PT__/_ / o_ _ ., ,.o[xi+u,+,i;,,L.____..

.I
°" F ! X( 0 W( I OHT_/VOL Um ( R(_U t Iq(14(NT $

%P
W(i_HT VOLU_(

r,ol_oIt(NT (REF) (LBS) (FT ! )

_,e.s_+ ++<4++;+_ 4_.Z _ ii 4.6 ,
B

t*

+ ,o,,. . I +-8.!_W.+.z)l I ,_°) C_7,4)1
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!O_k ! o+ w_.Vv_o_.k ._!.qu x R[__ ! ,.! s@ VOLlU.ii_(RtF) "_.tlU.it<_(RE_) _/OCt[ VOL/CY_LE
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"SPACECRAFT Spacc Station ', "

_,_ flABITABILITYSUBSYSTEM llousekceplng HABITABILITYFUNCTION_ RefuseManagement.._ _

APPLIANCEFUNCTION Refuse Processing .... _

APPLIANCECONCEPT NO•/TITLE" 4/Compactor-Manual

"INDEXNO• 3•2_4•4 REF. NO. 160 in

DESCRIPTIOII: The" compactor-_anual concept is a manually actuated "piston refuse
! compactor• The manual compactorcannot be the same size as concepts1 through3" :

because of the cre:._nan physical limitations• The concept requires a larg.: amount
of.c.rewtime becauseof its smaile,"size Increasesitsuses per day• The design
utilizes ii piston actuated by a lever which contains a double acting ratchet
mechanismand a p_.niongear Which drives a gear rack shaft'•By .anup and down

.pumping action, the piston compacts the refuse• The same waste bag weight and
volumeis assumedfor this unit slnce it proces.sedthe same volumeof refuseas

• • conceptsI through3. .

• , . •

• • . • .
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• APPLIANC(CONCEPTRE(JU|R[P',(rlr$AND P(NALT|(S CALCULATIONS

o _, [.I_£_!&1c A__ POWER n_!gu_/n_[_ r___Ls
AC POWER D(: POW_'R

CYCLE PEAK AVERAGE (WATT-_/ PEAK AVERAGE (WATT-H_/CYCLE) CVCLC)
• CCf,_POHENT (_F) (HR) (kIATT$) (WATTS) (DX_, (WATTS) (WATTS) _;'_X(_)

• , j

; IUUKXP'4JM' TOTAL I,ULXlp_ TOTAL

!._ t n_._AL... n_[_UlRi.E,T!
t

LMEM SI[N$IBL[ ill[AT LEAK TO COOLA.T

• sOunc[ (I.'UlH_) (|TUIHR) (I_UI.R) (ITu/._)

. ,L//A

e

1
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APPLIANCECONCEPTREQUIREMENTSAND rrNALTI[S CALCULAHONS(CONCLUDED)" _ CONCEPT_-_£_._._.._.._.."_1/'/,.',,/'_,,'/L "" INDEX NUMBER_ :
E

_: _p FIXED _EzG,__VO_LUMEe!q u! R_E...E_'r sWEIGHT VOLUME
COMPONENT (REF) (LBS) (FT3)

_o/J/p//c'rwz f/,,v_-_t_t;,_r_(/_o1 Z_,.z I_, ?-

' I

_ o

i ,o,, . I _aT_- (-z4._')l I ..s'._z@'.e)!
: , ; ¢ KG (LBS) MS (FT_.)

', SOL I D EXPENDABLE gT/V_O k R EgU l REMENT S

" m/UNIT_(REF ) (_ (_ '(_WTICYCLE VOLtUNIT (REF) VOLICYCLE

(_ (PKG.gT/UNIT ) (REF) (PKG.VOL/UNIT)(REF)(FT3)

L

' Z._ ........,.._,_,':-_- _'.® TOTAL VOL/CYCLEJ
_. (Le) (FT_)

;' TOTALWT.: -,T_-" Z__._ x__._ x ,0_.'___ " I z/._ 7 _____ _,
"-'--_YcL"I_$IOA'Y_ DAYS/MISSION TOT.WTICYCLE ' KG (LB'}

_ (LB)

TO_'ALVOL /_ ._ LO_._." I _ ,/,.,%(,,)(¢, :_
(FT _)

}: , GASJL I OU I O EXPENDABLES REOU._REMENTS

i " ¢ ¢ _."ECOV_D/CYCLE,,,,,,.o_c,'cLE
ART.USED/CYCLE(REF), ,,. ,,,) . .:ov,,,,,,o,%Y %2

x,',l,_ :
'I

|
- [ • , ._

" , Z:Q :z¢ . ,.
_ '__- I I

i . . . !.

" " l l • 4. • _-
__,t----" "_'f_4"ll$'_blT" TOTA[-Z'.O_'L'[ ' V,GILL_)_ "

• _ (_1 (ke) (_ (_)
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SPACECRAFT Space Station " w

_2 IIABITABILITY suBSYSTEM Housekeeping HABITABILITY FUNCTIONRefuse Manauement z

APPLIANCEFUNCTION Refuse Processing ,;

APPLIANCECONCEPTNO•/TITLE" 5/Compactor-Air_r_ssurew/Shredder !

1 "INDEXNO. 3•2•4•5 REF. NO• 203, 123, 170, 270, 202 _

DESCRIPTION: The compactor-airpressurewith shredderis identi£a to conceptI" i
with the addition of a shredder. Reference 202 stated that dry'waste can be
.compactedmore efficientlyif previouslyshredded.• Reference123, see curve at i
front of appliancefunctionsection,test data d_es not indicateshreddingwill
accommodateany change in compressionratio sinc_ the curve becomesasymptoticto
the force line for this compactor. However,the shredderwas added to the air i
•pressurecompactorfor the purposeof comparison• The shredderis a comlercial

• type used to shred paper and could with modificatiuahandlemoist shredable
waste• The units were based on one use for each of 3 meals,.2scheduledcleanups, !

"" .3spi.11s(unscheduled),and 3 _iscellaneousfor paper,books, etc.. The time per
use was assumedto be 3 minutes. Shreddingof solidwasteswas not considered

• by thisconcept• • • . • :

• i, • . • •

• o. • [

° / • • i
• / • • ,
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o
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APPLIANCECONCEPTREQUIREHENTSANDPENALTIESCALCULATIONS :+
' CONCERT_/e_,vs;p,q,CT_x3-/';//& P','_E,.&SL.,'_C_.zS/._t/_:DZ._ :NOEXNUMOte__.2.4- E _

:,_, E L E CT R I CA L POWER REQU I RE M E N T S +
°_3 AC POWER OC POWER _+

CYCLE PEAK AVERAGE (WATT-HR/ PEAK AVERAGE (WATT-HRI .+CYCLE) O'CLE)
COMPONENT (REF) (HR) (WATTS) (WATTS) _) X(_ (WATTS) (WATTS) (_ X(_) +

_'_L_'E _,__6.Z_ ..... _ ' ,e3 ./3f _

[ ,•.',,/,_.,_._L:_zm,,_7-oK.,0_ 74-..C _7,,I.s" _ -- -- -- -_#

" ' ° I

74-Ls" _ _LD___ ./_7 :+
°" I@IJIIHUH ' TOTAL I,IAXIMUI,I TOTAL 1
•

. ?
e

THERNAL RE_QU I RENENT S

LATENT SENSIBLE HEATLEAK TO COOLANT•
,, SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR) !

( v.4t.v_/_T_..u__ - " _ _ - i

• +

MATT(BTUIHR) MATT(BTUIHR) MATT (BTUIIIR) MATT(BTU/HR)

t

o° •

i

_P_RAT I ON AL PENALTt[ !

HEATLEAK TO C_LANT ELECTRICAL HEIGHT V_E
, _RCE (BTUIHR/CYCLE) (BTUIHR.'CYCLE) (PK HATTS/CYCLE) (LBIMISS|ON) (FT]IHISSION)

I -,v/_. --, •
K

i

•, ,, ,

:1,} "Ji + IL @

TOTAL

r I '_ATT$!CYCLE WAITS/CYCLE KG/Hi$$1_ M_NISSION

(BTUIIIR/CYCLE) (BTU/HR/CYCLE) (LBIHISSION) (FT)NlSSlON)

' C2-455
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APPLIAIlC[ CONCEPTREQUIREMENTS_llO r'DdALTII.SCALCULATIONS(COllCLUDLD) ,_

CONCEPT.'_L'V;//Xf<'ZC'_-d,',_',_'c.sx_-_z-c"_.s,Zs',,/__ zv;e,t: XNDEXNU,BCP._._'_

"_" Fi XE D WE I G H T./V 0 L UM E R E QU 1R E M E N T S ;*

WEZGHT VOLt_E -
COMPO,'d[NT (REF) (L BS) (FT_)

ST( ,°_IL.,gA/F,#l_IFd/_.c_J .
• p f_._tt,___L..-LPL)E_....... " ._ 75,0 _ I, _ .:

_" - " , • - _.?- 4.G ....

' ; . KG (LBS) M) (FT))
! °o

i ", SOL I D EX PE N DA B L E WTJV=O_k R E _U I R EM E N T $

gT/UNIT_(REF) I_) (_) '(_)gT/CYCLE VOL/UNIT (REF) VOL/CYCLE

(_ (PK,.WT/UNIT) (REF) _(_ (PKG.VOL/UNIT)(REF) O_r_F_3(_ .TYPE UNITS/CYCLEIREF) (LB) (FT 3)

.. __z_c____._.L_Q._ .z_. 0_0)" .o_;o_ _)

f

_0-Y_,L-_/dL/OCCC-
) (in) (n_)

_ YsIMTs-siTN" {G(C_T -
_, " (LB)

'rOTALVOL

-_''_°-"---o'_a_ _ t_ �x__.n.___e.z._• I .,:_ _.___15/_)AA'Y-'_ "--=D/_Y$/MI.$$10N IOI.VOL/CYCLE H_ "(F
' (FT))

• GES./k! Qp..Lo_ _Xe_I. IOAe_L ES E[g.U t_[__E _t S_.

"" • • _ ,_,.,E_OV_,:,C_E_ o_,cLE

• I)

" , Zo Z®

&
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SPACECRAFT Space Station

- HABITABILITYSUBSYSTEM Housekeeping HABITABILITYFUNCTIONRefuseManaaement

APPLIANCEFUNCTION Refuse Processing
4

APPLIANCECONCEPTNO./TITLE 6/Compactor-Vacuumw/Shredder

"INDEXNO. 3.2.4.6 REF. NO. 203,123,170,270, 202

DESCRIPTION: The compactor-vacuumwith shredderconceptis identicalto concept '
2 with the additionof the shredderdescribedin concept5. The compression
ratiowas changedfrom 0.35 to 0.2 based on the increaseof compactingefficiency
using a shredder.
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i . APPLIANCECONCEPTREQUIREMIFNTSANDPENALT|[S CALCULAT|ONS

,_.] , _eC_.T__,c AL POWER _OUXRE,ENTSAE . POWER , OC POWER

0,,_,._ e o _0 ® ¢ o,._X"7J
CYCLE PEAK AVERAGE (WATT-HR/ PEAK AVERAGE (WATT-Hi(/

CYCLE) CYCLE)
COMPONENT (P,EF) (HR) (WATTS) (MATTS) (_)X@ (WATTS) (IdATTS) C_)x(_)

_v,nt.v_ .o/c, 7 _ _ -- B ,_ .13¢

de

i
I

+ t

' 74-'5 3ZZ5 /o " /_;' :"
' i+ MAXIHU_I ' TOTAL HAXIHuH TOTAL

•
r "+

THERHAL R E_QU I R EME N T S

_: LATENT SENSIBLE HEATLEAK TO COOLANT

, SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)

•
{ vA_VE/_,uI_O_.__e__ -- _ _le_ ..... -- +

!

MATT(BTU/ttR) MATT(BTU/HR) MATT(BTU/HR) MATT(BTU/ttR) _i

• +

,o
o- •

•. O_P_I_RATIONAL PENALTII_S
#

HEAT LEAK TO C_LAPIT ELECTRICAL gE|GHT

IOURCE (BTU/HR/CYCLE) (BTUIHR/CYGLE) (PK MATTS/CYCLE) (LB/M|SS|ON) (FT_IMISS|ON) ;

TOTAL
MATTS/CYCLE MATTS/CYCt[ KG/MISSIOH M)/MISSION

• (BTU/HR/CYCLE) (BI'U/HR/CYCL[) (LBIMISSION) (it l/MISSiON)

• C2-458
+
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i /d'Pt I;,;_LL L(_!ILII'T I'l (,+tillf tll fl[5 AfIll I't _;/,L111,5Lr,LLULAIJ_'_l_ ((;L_',CIUIJ[U)+,

i CO',CLPt_,/+_'_Z]/Z'HCZ_,C-Y./_Ue.,'Z_,;.u/:..,+i,'x."-,_a+.,,4. ,,t,tx,,_._u_.3. 2._: Co___
+

+

f "_1 t+ I' 1X [ D W E 1 E, tt T/V 0 I IIH E R E (_tl I R E H [ /l T S

WEI_HT VOLUHE
: CO+Ipor({NI (rE!) (tUS) (it')

_]_.//._czo,¢_.('/]vc_,oj.(,z_) ..........75 ....................._,_.............
_ TM,_/U?,VK../?rW,':'_',./t.._+3,)...... J
,..+/y,,.c_. x.C.............................FI_'___ /-_G__............

< _ +:._:._z-4,x._y__ _/Jc__ 48-z__-_-.-- _+,6__...........

........ + ...........

,o,,< [ .2-e iilCq-o) [l
KG (LBS) H ) (FT3)

I

S p.t__.I._t) E.X_P_ENPA B L.E" w+/yOL_ m I:0 U I..R.t'..M.Ert.T_S"

® ® (b ®
WTIUNII (I,'[F) WT/CYCIE VOI/LI!HI (RLI) VOI/C¢CII

(l) (PV,G.WT/UNIT)(rEr) (]) X(_ (VKr,.VOi/l+,rui )(t+U ) _)(_TYPE U',ITS/CYCLE{REF) (LB) {LB) (Fl_}

_,,_-c__,-_._- ...,,ZO_LP'zO..._,z.s:_(]z_ .....o.¢._ ...... ._.z__0_o)--._,_..-t,_z

........................ .....-.........Z:-¢ 8Z....TOIAL WT/CYCLI: "'TU'h_*. _uL/CYCII'---
(LB) (tt_)

"ssro,+r+ N__. x ] 6'4-- x _0,,_'_+4 ".... CYCLES/DAY....... bAYS/HISSIOh lJl.WT/CP{+_E----
(LB)

TOTAL_OL

CYCLES/bAY DAYS/HISSION TOt.VOLICYCLE
(Ft_)

e, _ .Sdk]..q R i o ZlXP [Np.A.B L [S_ l_[.R p l_.l+__+M ._N t S

d) _ @ ®AMT.RECOVEI'[D/CYCLE AMTLOST/CYCLE
+_ AMT.USED/CYCLE(REF) RECOVFRY

} )-".® }-:.®

i TOTALWi. [ Ii "14'lSSlbti'-" l x • * " __

t --'C'Y_L'_TDA'Y'--- --1)_'YS)H'I'SS'IbN" 'lOl^L'i OSIT_YC'I+E" "I(_--([B')--"
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SPACECI,AFT Space Station "

_.F IIABITABILITYSUBSYSTEI,IHousel:eep.ir!,qIIABITABILITYFUIICTIONR__._fuse_Managem_en_t
2

APPLIANCE FUNCTION Refuse Processing

APPLIAtlCECONCEPT NO./TITLE 7/Compactor-gotor w/Shredder _

"INDEX NO. 3.2.4.7 REF. NO. 203, 123, 170, 270, 202 i

I,
DESCRIPTION : The compactor-motor w/shredder concept is identical to cencept 3 i

. with the addition of the shredder described in concept 5.
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APPLIANCECO_'dCLt)TREQU|P[K|NIS /_;D PENALTIESCALCULATIO'_dS ,_

CONCtPT_IofO/_ r.._/_,,f, _.-,,_,0_,_ INOEXr_u_._tP,3. 2.4. -/ __ :
#.

E L E C T R I C AI. POWER R_E._,U _R E[_ [ reT S

tj _lC • POWER OC POWER d

u3._ @ o °,,,-_7-e ® °,;%-
CYCLE PEAK AVER_r,E (WATT-NRI PEAK AVERAGE (WATT-ttRI "

CYCLE) CYCLE) r_
• COMPONENT (REF) (HR) (WATTS) (WATTS) (_)X(_ (WATTS) (WATTS) (!)X_.) ;

" _//,ecDdt£/_ ni_14/d .._ _ 74._ _ . ::
o

7

• 2

__.#_E "
" MAXIMUM ' TOTAL MAXIML_I TOTAL

)

7

THERMAL REQUIREMENTS
• ?

LATENT SENSIBLE _AT LEAK TO COOLANT

_ SOURCE (BTU/HR) (B_/HR) (BTU/NR) (BTU/HR)

)

[

•

WATT (BTU/HR) WATT (eTU/HR) WATT (BTUIIIR) WATT (BTU/HR) I

t

,- t

OPERATIONAL PENALTIES

THERMAL°
HEAT LEAK TO COOLAtlT ELECTRICAL HEIGHT VOLUNE

SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCL[) (PK WATTS/CYCLE) 1)B/MISSION) (fT_/MIS$1ON)

,,.,'/,_ . • .

_) '_
TOTAL

WATTSICYCL( WAITS/CYI;LE KG/MISSION MI_MISSI(_I
(IITU/itR/CYCLl ) lOT(I/MR/CYCLE) (LIT/MISSION) (rt)lNlillOg)

,- C2-461
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f ............................................................
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! i,UZi_l _._i_'_W__..._t_:,_ 4_,._ .................. .4.___ ...........

............................................

} .... _ ..................................

KG(LP.S), M_(_t_)

S._O..L.I_D_ EX__PI.!IDA BL E W TlV Ol ..RE q!! !R E _4t lit S

UIIUrlI RE[) WTICYCIL VOLIU'IIl (Iw[l) VOI/CYCI[

• (_,:_,_,,,'_,,,,><_-,> c%.'p (P,<_.v_,.o.,,,><_,,_ ,m,,_) .'TYPE t"ilI5/CVCIZ(R[F) (LB) (tT _) (IT_}

---_5 .......................... -.......... ;;; .............. "............... -..........
...........................

..................................................................................

............................

,_ ..............................
......................................................................................

...............................

............................................Zi-bT77b_iT--............_.® -.Tb_zk
I ! - TOTAL _'tlCYCi.E IOIAL VV,klCYLLE "" ."

• I (tel (It')TOTAl '.IT.

--CYLLESIi)A-Y...... DAYSII;I_siOr/.... IOI'.WTILTCLE.....
(tB)

,o,_<,,o< .c+O:-I,.,l-'.,l_,: ____,_2 ....... x 184 .... x __.OD48Z_._ " [ "l_/i?-Cr", "CYCLES/DAY I)AYSI'HS$1ON IUI .iULlblbl.E
(l.'t) )

___A_Yk!_ u.4t_ [ _ I' E__ P.,'tP.k [ s R£ q PL Rf. M_!:.-N_t S_

• ® ® ®iV4T.REC(,'/[PFD/£YCLE liMELOSII_.,+CLE
AMT.USED/CYCLE(REF) RECOVERY,,. (<,, ,,<,o, _',_ %_

___/_

Zo Zo

• • .. • • •

"MIT_iorl---¢Y¢'i.'('IfiAY--I_ i_II'ISiMISSIuN"- I IOi^'L-iuS'TICYCL(
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i ._- SPACECRAFT Space Station __ HABITABILITYSUBSYSTEMtlousekeeping IIABITABILITYFUNCTION Refuse Management ,.

APPLIANCEFUNCTION Refuse Processing _.

APPLIA_ICECOIICEPTNO./TITLE 8/Compactor-Manualw/Shredder

• I "INDEXNO. 3.2.4.8 REF. tlO. 160, 202

" I DESCRIPTIO,_I: The compactor-manualwith shredderis identicaltoconcept4 witn

the additionof the shredderdescribedin concept5.
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. APPL|_C( (' qCrpT RLQU|RErKNTS ,_ID PENALT|(S CALCJJLATIO_S

. *.

{_ [L_[C_T R I CAt POg [ R R[_gu_IR [ ME_N_T 5_ i"iAC. POWER OC _OW(R

(gAl T-HP/ (WATT -ltFv/¢VCL( e(AK AVrAAC( P(AK AVrAA_[
C,CL() C2Ctl1

C(_POTIENT (REF) (HA) (WATTS) (gATTS) (D x ('_J) (WATTS) (gATTS) (,,I)X_ i

. _
2,

• _ 1

(

, ...71_. _7_3 __ i,"

MAXIMUM' TOTAL I,IAX|MUt.I . TOTAL
• t

,. _

i ' i

,! • LATENT S(NS|BLr H(AT L(AK TO COOLANT
•. SOURCE (ITU/HR) (IITUIHR) (ITU/HR) (|TU/i.Lq)

r •
¢ t
f i

, , ,o,,, -. /_g ___) -
IIATT (IIUJtIR) tATT (BTU/HR) IATT (BTU/HR) WATT (tTu/HI_)

I "
T_

HEATL(AK TOCOOL;:IT (L(CTRICAL WIIGMT "_IILUI,I(
SOUtCE (ITU/_/CTCL() (ITU/HRIC L[) (P_ gATTS/CYCL() (LI/_ISSION) (rT)/MISSIO_) 1

m ,,, ,, , ii ]

I

I _I " II i i111 i l #

#Mill.
wA1TS/CvCLt " I[r,.d'MI$sION liplll$1(_l

(IlU/itil/CYCL() C2(iTiilii_/lvCL[)-464 (LI#iIISSIH) (I TJ_l$ill._) !
"I

I
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.. SPACECRAFT.Space Station

• " HABITABILITYSUBSYSTEM llousel'ee_in_ IlABIIABIIlIY'FUPICTIO;IRef.!t_p____M_n_&_U!O_nt

APPLIAPICEFUNCTION .RefuseProcess__in_I

APPLIAPICECO,_ICEPTNO./TITLE_n_tegrated Vacut,_;r)_ro_.po_it.j_oll_J__j]r_c_

"INDEXriO. 3.2.4.9 REF. 110.I.___09_250

DESCRIPTIO_I:The integratedvacuumdecomposition/shredderconceptutilizes
vacuumar,_high temperatureto decomposethe refusematerialsinto gaseous
products;,hichcan be exhaustedto vacuum. The shredderis requiredto exposemore
refusearea to increasethe decompositionefficirncy. The ch-_mberrequirescool-

( ' tdown period. The processdoes not requireoxyuen,however requirespo;verto
sustainthe chemicalprocessfor 21 hours. Two units were assumedbased on the
refusevolumeand the 12-hourcooldo_.mtime requiredby the unit (one unit can
be usedr,nce per day). Incinerablecollectionbagswith a hydro_hobicpatch
were used to eliminatethe maintenanceand microbio!ogicalproble,,,sof filter
replacement,since cloggingis not anticipatedwith coll._ctionbagswhich are
replacedevery 24 hours. The residualash was not consideredas a concept
penalty. - .
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APPLIANCECONCEPTREQUIREMENTSNtD PLtlALTIES CALCUI.ATIONS :i"

CONCEPT " J_CU_'Y/p,'-C,_D¢/.,_'/r/OX//,_//Z.'t._ INOEXNU_.aER_,..,R,., 4.•

E L E CT R I CA L P OW.[ R RE _.U. [ R_!ME_N T S- ._

i _'_J Ac POWER OC POWER

u.sL._E ® ® (9 (9 OE,,,,._, :,
_- (WATT-HR/

(W_,TT-HR/ PEAK AVERAGE
CYCLE PEAK AVERAGE CYCLE) CYCLE)

COtIPONENT (REF) (HR) (WATTS) (WATTS) (_ X(_) (WATTS) (WATTS) (_)X(_) ,_

" _ IMUM ' TOTAL MAXIMUM TOTAL

f

t

THERMAL R E._U I R E MEN T S
b

LATENT SENSIP,LE HEATLEAK TO COOLANT

!. SOURCE (BTUIHR) (BTUIIIR) (BTU/HR) (BTUlHR) ;

J

,,L .

' WATT (ETU/HR) WATT (BTU/HR) WATT (BTUIHR) WATT (BTU/HR)

•. OPE RAT I ONAL PtNALJ 1 E S

T"ER_C _OLUM[HEATLEAK TO COOL,IT ELECTRICAL _IGHT
SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/M|SSION) (FT'/MISSION)

._ -,,,/_.

TOTAL
-'WATTS/CYCLE WAITS/CYCLE KG/MISSION MI_ISSION

(gIU/HR/CYCL[) (BTU/HR/CYCLE) (LB/M|SSION) (rT_MISSi_)
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- SPACECRAFTSpace Station

_ HABITABILITY SUBSYSTEMllousekeeping HABITABILITY FUNCTIONRefuse Ma,agement

-) APPLIANCEFUNCTION Refuse Processing

APPLIANCECONCEPTNO./TITLE lO/Flush Flow Oxygen Incineration/Shredder

"INDEXNO• 3.2.4.10 REF• NO I00, 250 :• \

DESCRIPTION: The flush flow oxygen incineration/shredder concept utilizes a
continuous oxygen flow to the collection chamber for the 12 hours required for
incineration• The refuse is collected/shredded and inserted into the chamber, _:

• sealed in the chamber (no vent to vacuum), heat is applied for a specified time ':i
period. The resulting sterilized/vaporized gas and vapors are exhaust to space•

The valve is left open and heat is applied to bring the incineration temperature
to lO00°F, while a controlled flow of oxygen is cQntinuously supplied to the
chamber. The incineration process takes approximately 12 hr,urs with 97 to 99 !
percent reduction in refuse volume• Twelve hours are allowed for cooldown "
requiring two units per vehicle The collection bags described in concept 9 are• _
also used for this concept.

J
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I
L

J_,9_Oo_
_XIMUH IOTAL MAXIM_I TOTAL

TH.E.R_MAL .R[. q U.LRE..M_E.N+TS__

LATENT SENSIBLE lIEATLEAK TO COOLANT

SOURCE (BTU/IIR) (BTUIIIR) (BTU/IIR) (BTU/HR)
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WATT (BTU/IIR) WATT (BIU/HR) WATT (BTU/HR) WAIT (BTU/IIR)

i '
e °,+

_0I,£ _R.A_.'r+1_q .NA_.L PE.N.A_.k T.!.KS_
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__._14_

,

TOTAL
WATTS/CYCL[ WAIIS/CYCL[ ,: KG/MISS|ON N_iM! SSIliN
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SPACECRAFT Space Station

; -- HABITABILITYSUBSYSTEI.IHousekeepin9 .. HABITABILITYFUNCTION RefuseManaqement

APPLIANCEFUNCTION RefuseProcessing
e

APPLIANCECONCEPTNO./TITLE ll/Pyrolysis/BatchIncineration/Shredder

"INDEXNO. 3.2.4.11 REF. NO. lO0, 250

DESCRIPTION:The pyrolysis/batchincineration/shredderconceptutilizesa
three-stepprscessto minimizeoxygenconsumables The shreddedrefuse is
heatedto 250 F and heldat this temperaturefor 30 minutesto ensuresterilization.
The vent valve is then openedand the water is flashedto space as a vapor. The
chamberis then heatedto 1200°F,with the vacuum valve remainingopen, and the
wastesare pyrolyticallydecomposed(vacuumdecomposition)and the gases are
ventedto space• At the end of the pyrolysisprocess,the vent valve is closed,
the chamberis chargedwith oxygen,and severalbatch incinerationsare performed.
The batch incinerationstepalso reduces.theash residuefrom 12 to 2 percentof
the totalwastesprocessed• After final ventingto space, the chambercooldown
takes 12 hours. The pyrolysis/batchincinerationprocessis identicalto the
schematicshown for conceptlO. The pyrolysis/batchincinerationtakes 12 hours.
The collectionbags describedin concept9 are also used for this concept.
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APPLIANCF.CUNC(.PTI_i_IUII,'[T!LNfSANDPLNAL1ICS CALCULAIIONS ',,_

CO.NCEp;L/7/_y._/_/.5/_/-_:,,,.,/Hc//,/o,z,.;r/_,,.//5,,/,ec,p,u,,-,,_ _NUEX,,u_.L_.J,,Z,__../1_
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_, o-..........._ ......21_%- ............_- _.u_.. !.tr (_ ® DrM,',_,o _:
CYCLE PEAK AVERAGE (WATT-I,IR/ PEAK AVERAGE (WA1T-IIR/ .4

CYCLE) CYCLE) }
COMPONENT (_,Er) (IIR) (WATTS) (WATTS) (_ X(._ (gATIS) (WATTS) C_ X(_j :_

•

........ I

• HAXI HUH TOTAL MAXl MUM TOTAL

THERMA L RE _U.U._.R.EH E N T S

LATENT SENSIBLE HEAl LEAK TO COOLANT

SOURCE (BTU/IIR) (BTU/HR) (BTIJ/HR) (BTU/ttR)

MATT (BTU/IIR) MATT(OTU/HR) gAIT (BTU/ItR) MATT (BTU/HR)

O_P..E RAT I ON A_L p.[NAL_.T/E S-

'rH_muu. ELECTriCAL _.; vm..HEATLEAK TO COOLA_IT
SOURCE (BIU/h,.,/CYCLE) (BTU/IIR/CYCLE) (PK MATTS/CYCL[) (LB/MISSIDN) (rT_/HISSICr,)

q/n . :g

,,. , ,

TOTAL '._._

gATTS/CYCLE MATTSICYCLE" KG/MISSiON M)/MISSION
(B,1.U/IIR/CYCL[) (I_UIItRICYCLE) (LB/HISSION) (F T'_IHi$SIO_I) i
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APPLIANCECONCEPTR[QUIREH[NTSANt} PENALTIESCALCULATIONS(CONCLUDED)
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_,/um_R_r) ® va/u,,_CREn "®VOL/CYCLEt/T/CYCLE
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_ SPACECRAFT Space Statinn

HABITABILITYSUBSYSTEMHousekeeping HABITABILITYFU_ICTIONRefuseManagement

APPLIAtlCEFUNCTION RefuseProcessing

APPLIANCErONCZPTNO./TITLE 12/WetOxidization/Shredder

"INDEXNO. 3.2.4.12 REF. HO. I00, 250

DESCRIPTION: The wet oxidization/shredderconceptis a moderatetemperature,
high pressurecatalyticprocess. The systememploysan insulatedchambersimilar
to the incinerationand decompositionconcepts• Shreddedrefusetreatmentis
accomplishedby chargingthe chamberwith 500 ps_a oxygen at ambienttemperature
and applyingheat to bring the chamberup to oxidationtemperature. The final
pressureand temperatureare approximately1750 psia and 500°F. The advantage
of the wet oxidationprocessis the productionof water which can be processed
and reusedin the spacecraft. The systemrequiresa high pressureoxygen source,
assumedin this studyas a compressor. A stirrerwould enhancethe wet oxidation
process,but was not consideredin this study due to lackof engineeringdata.
Based on two data sources,the processwas assumedto take 21 hours,most of
which is cooldowntime (I0_ to 6 hours). The collectionbagsdescribedin concept
9 are also used for this concept.
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f APPL|f,ttC[ COttCLPTR_.OU|rtf_tNIS ANDPE_'iAL]|[SCALCULAT|OtlS _

•
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14AX1_ 1OTAL MAXl RUM TOTALe

THERMAL R_E._U | R E ME N T $

LATENT SCNS[OLE t,_AT LEAK TO COOLANT

SOURCE (BTU/HR) (eTU/HR) (BTUIHR) (BTU/HR)

MATT(BTU/HR) WATT(BTU/HR) MATT (BTUIHk) MATT(BTUIItR)

OPE RAT ! ONAL PENAl, T_.LE_S-

TH[m4AL
• HEATLEAK• TO COOLA.'IT ELECTRICAl. HEIGHT VOLUME
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,_/,4

t ii

tOTAL ...... .Jr
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l HABITABILITYSUBSYSTE[,I3.0 Housekeepinq

•HABITABILITYFUNCTION 3.2 Refusehlanaqement

APPLIANCEFUNCTION 3.2.5 RefuseDisposal

NUI4BEROF CONCEPTSCONSIDERED 3
i

ASSUMPTIONS

(1) Refusedisposal includes concepts most likely to be used on near term
spacecraft. The conceptsconsider vacuumstorage, static onboardstorage, and
Jettison to earth for aerodynamic incineration• Disposal of refuse using rockets
to the sun was not used, sinc_ radioactive wastes were not considered by the
study.

(2) The refuse volumeandweight is basedon the tabulation onTable CZ-6.

(3) Theuncompressedvolumeof trash was used to'size all of the concepts•
o+
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i.. SPACECRAF Space Station

"" HABITABILITY SUBSYSTEMHousekeeping HABITABILITY FUNCTION Refuse Mana_e_:__ent

APPLIANCEFUNCTION Refuse Disposal •

APPLIANCECONCEPTNO./TITLE I/Vacuum Storage

•INDEXNO. 3.2.5.1 REF. NO. MacDac, 283_ 297

DESCRIPTION: The vacuum "torage concept considered was the same as used for
Skylab. Tne Skylab airlock was used as the means to deposit refu:;e into the
vacuum storage tank. The vacuum environmentRstops bacterial growth in the refuse.
The internal volume of the airlock is 4.3 ft _ and was used to calculate the cabin
air lost during each airlock refuse disposal cycle. The vacuum container was
assumed to be a 10.4 foot diameter spherical tank fabricated of 6061 aluminum.
The 10.4 foot diameter tank can be accommodated in both the Space Station and
the Shuttle payload bay. Aluminum, 6061, was chosen as a material for the following
reasons: (I) inexpensive, (2) easy to work, and (3) good weldability. The
tank was assumedto be a pressure vessel with a maximumworking pressure of
14.7 psi. The number of uses per mission was based on the size of Skylab disposal
and trash bags. The trash bags are fabricated o_a material which will retain
water, but will also allow the bag to breath to allow pumpdownof the refuse to
the vacuum pressure of the tank. Operation of the airlock was assumed to be 2
minutes per cycle.

LOAOING/EOUA LITE PRESSURE

TRASH SAG SEALED EJECTOR MECHANISM
READY FOR PLACEL,'TLNT (RETRACTEO)

IN TRASH LOCK

LID LI (RETRAC1 POSITION)

VACUUM SHPTOFT LID
VALVE {OPEN VALVE/OUTER DOOR

HANDLE (PRESS POSITION)

THROUGHOUT r.llSSIO_) _--\

• [Ji¢:TOn HANDLE .... --.--_._

(EJECT POblZlON) _

LID LOCK
(LATCHEO VENT TO VACUUM - -

DOOR HANOLE READY (CLOSED POSITION) 4._

|CLO$|,VLNT FOR lJ|CllON

DOOR HANnLE ._ ""
(OPEN PUSI|ION} L/

"-_. Ill CilANtSM / /

• {EKIINDE O| "-" /
(

i OUTERO00nCLOSED UUIlnnoonOPEN-_* /

_/\ WAS1| IANK

TRASN lAG IJECTIO -_

i ,,A.,TANK
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i APPLINtC[ CONCEPIRL(_UIItU!LNISA.'IOPENALTIESCALCULATIONSCO._CtPTI/._//J_(:_K,_.6_,_I__.,.TI_A/__- INDExNUM++ER_,_..,,.__e__'_LZ_
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i APPL|ANC[CONCEPTRE_U|R[MLNT$ANDPENALT|E$CALCULAT|OHS(CONCLUDPO)

1

.. FIXED _ c_.LC_L_Uvo LU_E e_[Qu_L__[.[. TS
WEIGHT VOLUME

COMPONENT (Reel (LBS) (n3)

' i ....

a,.,

,OTAL i "/,eO./ /S:)'7)I I /_'_ (_'_TJI
; . tc_ (LBS) 113(FT3o)

". s_O_L!O_ [ x_eE_.O_ABL.[ wUvok E[QU i eE. r. Ts

WT/UNIT_(REF) _) _) '(_)gT/CYCL[ VOL/UNIT(ELF) VOL/CYCLE

(D (eK_._T/uNITI(Rrr) leT3): ,,,,, ,,,,,,s,<,,c,.,<,,,,> <<.> %_ <,<0.v_,,,,,,,,<,,,,,_._

(

i

' ' '_@ _O'TAL_T/CYCL_ _ ® "TO-T_--_'o_YC_--
(L_) (n_)

TOTALW'T.

CYCLES/DAY b_-V.SlMlSsi'ON 'IOT.gT/CYCL_ KG(-I.B}
" (L_)

TOTALVOL-_n-ro_• x x " [ ' J
"""-IV'CEIT/-I)-i(Y b-'AT_'/MISSlbN "FoI'TV-OiTCFCL'i_ _• '__i_)

o (FT! )
°

,.

•iEs_/k!i__!____Xe_£.O____L£SE[Q'u_LB.[_I,Ts

_) _) (_) LOS_/CYCLE
AI_'.USEO/CYCLE(REF) RECOVERY

%

!

' " . _.(])__.,_2/. . _,(i) _.3,r./__
t ",

., .._l_l,l_ , 2 • " - i,_{i.,, -
'(_ (_ (,m) t •

c2-.4e_
I

1975025651-146



.. D2.-1185C,I .r, .. ,
I

I •e,

e.

(;" SPACrCRAFT Space Stdtion "

I _P IIABI'TABILITYSUBSYSTEN Housekeeping IIABITA_ILITYFUIICTIONRefuseManaqement
_, ..

APPLINICEFU:ICTIO:IRefuseDisposal

APPLIA_ICECO%EPT NO./TITLE 2/StorageBin/Container

"INDEXNO. 3.2.5.2 REF. IlO. .170

DESCRIPTIO,'_: The storagebin/containerconceptemploysa lockerto store the
refuse• Sterilantcapsuleswere assumedfor retardingthe bacterialgrowth.
The r_.fusewas assumedto be collectedby bags (Skylab,or equivalent,and
transferredto the storagelocker• A conceptprovidesa sterilantcapsulefor
each bag of refusestored in the locker• The capsulesused for the study were
2.25 grams eachwith a volumeof .33 cubic inches• The walls of the storage
lockerwere assumedto be aluminum• Sizingof the lockerwas based on the
refusevolumeincludingthe storagebags• . "• o
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( I SPACECRAFT Space Station

IIABI'TAI;ILITYSU[;SYSTDIHousekeeping IIABITAI;ILITY'FU_ICTIO_IRefuseManaqement

I_PPLIAICC[FU;ICTIOtl RefuseProcessing

ItAPPLIA,,CECG_CEI'TNO./TITLE 3/SolidPropellantRefuseRocket

"IRDEXtlO. 3.2.5.3 REF. RO. 202

DESCRIPTIOII:The solid propellantrefuserocket conceptutil}zesa rocket to
Jettisonrefuseto earth for aerodynamicincineration. The studyassumesthe
refuseis jettisonedfrom a 300 nauticalmile orbit usingan incremental
velocity(_V) of 434 feet/secondto alter the rocketsvelocityto cause it 'co
reenterthe earth atmosphere. Atmospheredrag at the 300,000foot re-entry
altitudechosenfor the calculations(reference202) is of suchmaonitudeas to
cause the trajectoryto degeneraterapidly. The equationfor a minimumenergy
Hohmanntransferellipsewere used for determiningthe requiredvelocityincre-
ment for reentry• A solid rocketwas chosen becausea solid rocket is easy to
use and transport,and may be fired with simpleelectricalcircuits. The ability
of.Solidpropellantsto withstandlong storageperiodsat extremesin temperature
and pressurewithoutattentionis also a benefit.forthis type of application.
lhe solid rocketin thisapplicationis superiorto a liquidrocket in total
impulseto totalweight ratio primarilybecauseof the greaterenergyper unit
volume. Therefore,less dead weight structureis requ:redto carry the propellant.
The size.of the rocketwas based on the total refusevolumecompressedby a
compactorto minimizethe rocketvolume. The conceptwas penalizedfor a
compactorwith a compressionratio of 0.2.(Air PressureType).

"- . Waste. Rocket
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Launch Tube for Spin Ejecting Waste Rocket ,
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1

,, HABITABILITYSUBSYSTEI.I 3.0 Housekeeping

3.3 Garment/LinenMaintenance
HABITABILITYFUNCTION

APPLIANCEFUNCTION 3.3.1 Garment/LinenWashing
L

NUIIBEROF CONCEPTSCO_ISIDERED I0

I ASSUI.IFTIONS

A numberof referenceswere foundwhich presentdata for _ariousclotheswasher
and dryerconcepts(Reference70, 90, 91, lO0, 127, 161,l.'l,185,202, 237
and 245). Thesereferenceswere reviewedin detail,and the engineeringdata
fromeachexamined. It was soon foundthat much of the data did not agree.
The primaryreasonfor discrepancieswas that the datawere mostlyvery sketchy,
withoutdetailedbreakdownsto definethe data. For example,the clothes
wa'sherweightin one referencewould includethe agitatortub only, while
anotherwould includeperipheralequipmentsuch as water accumulators,pro-
cessingequipmentor othermiscellaneousitems. One referencewas found (#90)
which containedall the conceptsfound throughoutthe other reportsand pre-
sentedthe data for each in a consistentmannerfor directcomparison. There-

( fore, itwas decidedto collectall the clotheswasherand dryer data for this
studyfromReference90.

A groundruleof 2-clotheswashingsper day was assumedfrom Reference273.
For thiscondition,and assuminga 6-man spacestationcrew, a detailedstudy
of SpaceStationclothingusage (Reference245)has showna maximumlaundry
loadof 1.66kg (3.68Ibs). Since the clotheswasherloadassumedin Reference
90 is only slightlylargerthan this,or l.Sl kg (4.0Ibs), the data from that
referencewereused directlywithoutadjusting

The water usage for the automaticconceptwas assumed24.9 kg (55 Ibs)for
washingand 24.9kg (55 Ibs)for rinseas recommendedin Reference273. Rinse
waterwas assumedto be temporarilystoredto be reusedas wash water. Wash/
rinsetimewas taken to be one hour.

1975025651-153
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SPACECRAFT Space Station
' Garment/Linen

i ,, HABITABILITYSUBSYSTEM Housekeeping HABITABILITYFUNCTION_laintenance ,..

APPLIANCEFUNCTION Garment/LinenWashing !

APPLIANCECONCEPTNO./TITLE I/MechanicalOscillation
)

INDEXNO. 3.3.1.I REF. NO. 90

DESCRIPTION

This conceptis similarto a conventionalwasher. A centralagitatorprovides
the washingeitherby rotationalor translationaloscillation.A high-speed
rotationextractswash and rinse water and is used to spin dry the clothes
beforefinaldrying.

(

AIR VENT

AGITATOR, //COVER

.°

I

WATER IN WATER OUT
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i SPACECRAFT Space Station
Garment/Linen

('_ HABITABILITYSUBSYSTEM llousekeeping HABITABILITYFUNCTION Maintenance

i APPLIANCEFUNCTION Garment/LinenWashing

; APPLIANCECONCEPTNO./TITLE 2/FluidicAgitation

INDEXNO. REF. NO.
3.3.1.2 90

DESCRIPTION

!,I

In this concept,water is sprayedthrougha centralcolumnof stackedfluidic
switcheswhich directwater in alternatingdirectionsthroughjets. A high-
speedrotationextractswash and rinsewater,and is used to spin-drythe
clothesbeforefinal drying.

I

f

, CENTRALCORE WITII AIR VINIS; . ALTERNATINGJETS " "

! ., _Jk

t

i WATER IN" WATER OUT
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SPACECRAFT Space Station
Garment/Linen

HABITABILITYSUBSYSTEM Housekeeping HABITABILITYFUNCTIONMaintenance

APPLIANCEFUNCTION Garment/LinenWashing

APPLIANCECONCEPTNO./TITLE 3/PistonAgitation

INDEX NO. 3.3.1.3 REF. NO. 90

DESCRIPTION

In thisconcept,two pistonsare actuatedalternatelyto pumpwater back and
forthwithinthe drum. Screensare added to increaseturbulenceand to con-
tain the clothingwithinthe drum.

Since there is no spin-drycapability,it was assumed,as recommendedin
Reference90, that 1.36 kg (3.0Ibs)of waterare left in the clothesover
and above the water leftby the otherconceptsafter spin-dry. Therefore,
a dryer penaltywas assumedto handlethisadded water. For this purpose,
the dryerconcept3.3.2.1was assumed(forcedhot air electric)since it had
alreadybeen selectedin the past (Reference237)to build a prototypeclothes
dryer. Since the dryer penaltieswere based on removing0.456kg (l.O Ib)
of water,and thiswasherconcepthas 1.36 kg (3.0Ib) extrawater to be
dried,all the penaltiesfor dryer concept3.3.2.1were multipliedby 3 and

( added to the penaltiesfor thisclotheswasherconcept.

_
I . , -.--- f_PISTON ,/

_ . 'I-

, ! _
¢,

L

WATERIN WATEROUT
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SPACECRAFT Space Station
Garment/Linen

( HABITABILITYSUBSYSTEM Housekeeping HABITABILITYFUNCTION Maintenance
_f

APPLIANCEFUNCTION Garment/LinenWashing I

APPLIANCECONCEPTNO./TITLE 4/CyclicValveand Pump

INDEXNO. 3.3.1.4 REF. NO. 90

DESCRIPTION

This conceptis identicalin operationto #4 (PistonAgitation),exceptthat
the water pumpingis accomplisiledby a pump and cyclicvalve ratherthan opposing
pistons. Screensare includedto containthe clothingwithin the drum as well as
to increaseturbulence.

No spin-drycapabilitywas assumed,just as in concept#4, and again 1.36 kg
(3.0 Ib) additionalwater was assumedto requiredrying. This was handledin
the samemanneras was explainedin concept#4; thus, all the penaltiesfor dryer
concept#3.3.2.1weremultipliedby 3 and added to the penaltiesfor thisclothes
washerconcept.
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' SPACECRAFT Space Station
Garment/Linen

( HABITABILITYSUBSYSTEM Housekeeping HABITABILITYFUNCTIONMaintenance

! APPLIANCEFUNCTION Garment/LinenWashing

; APPLIANCECONCEPTNO./TITLE 5/DiaphragmActuated- One DirectionalSqueeze

i INDEXNO. 3.3,1.5 REF. tlO.., 90

: DESCRIPTION

This conceptutilizescompressiblediaphragms,operatedby pressurizednitrogen,
to alternatelysqueezeand soak the cloti_es.Wash and rinsewater are removed
at the end of each cycle by simultaneouslypressurizingbothdiaphragms. This
concepthas been shownto be feasible,but its cleaningeffectivenessremains
to be provenby furthertesting.

/W DIAPHP,AGr.IACTUATED

ONEDIRECTIONAL
ATER OUT
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SPACECRAFT Space Station
Garment/Linen

! ; HABITABILITYSUBSYSTEM Housekeeping HABITABILITYFUNCTION Maintenance

_L APPLIANCE,FUNCTION Garment/LinenWashing

APPLIANCECONCEPTNO./TITLE 6/DiaphragmActuated- Two DirectionalSqueeze

INDEXNO. 3.3.1.6 REF. NO. 90

DESCRIPTION

This conceptis similarto concept#5 exceptthat the clothesare storedin
two tanks. Pressurizeddiaphragmsare again used to alternatelysqueeze
and soak the clothes. As in concept#5, cleaningeffectivenessremainsto
be provenby furthertesting.

', CLOTHES
DIAPHRAGM

WATER IN

PRESSURANT
: PRESSURANT
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SPACECRAFT Space Station
Garment/Linen

(,J HABITABILITYSUBSYSTEM llousekeeping HABITABILITYFUNCTION Maintenance

APPLIANCEFUNCTION Garment/LinehWashing I

APPLIANCECONCEPTNO./TITLE 7/WaterSprayAgitation

INDEXNO. 3.3.3.7 REF. NO. gOi,

DESCRIPTION

In thisconcept,a highvelocityjet of water is sprayedintoa wiremesh
drum from the outer circumference•The drum i_ slowl)rotatedto allow
continuousremovalof the water. A high speed spin cycle is used to r._move
the excesswater afterwashingar,_rinsing.

(

k
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SPACECRAFT Space Station
Garment/Linen

('" HABITABILITYSUBSYSTEM Housekeeping HABITABILITYFUNCTION Maintenance
_P

APPLIANCEFUNCTION Garment/LinenWashing

APPLIANCECONCEPTNO./TITLE 8/Ultrasonic

INDEXNO. 3.3.1.8 REF. NO. 90

DESCRIPTION

In this concept,ultrasonicenergyis used to wash to clothes. A damping
factorof 2 was assumed,which probablyresultsin a gross underestimateof
the actualelectricalpower required. The amountof water requiredwas
assumedto be the sameas for the other washingconcepts.

AIR VENT

Fr,

i "j-

WATER OUT

Q
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SPACECRAFT Space Station
Garment/Linen

i _ HABITABILITYSUBSYSTEM Housekeeping HABITABILITYFUNCTION Maintenance

APPLIANCEFUNCTION Garment/LinenWashing

APPLIANCECONCEPTNO./TITLE 9/ManualWashboard

INDEXNO. 3.3.1.9 REF. NO. 90

DESCRIPTION

Due to the largeamountof crew timerequiredto manuallywash clothes,
thisconceptwas not felt to be practical. However,it was includedfor
comparisonpurposeswith the automaticconcepts. A zippered,Teflonbag
is used to containthe clothesand water. The crewmanmanipulate_ the bag
to achievewashing,and squeezesit to rinseand removeexcesswater. It
was assumedthatonly 4.54 kg (lO Ib) of wash and 4.54 kg (lO Ib) of rinse
water are required. It was estimatedthat 0.907 kg (2 Ib) of water will
be left in the clothesafter final rinsing,over and above the amountleft
by the otherconcepts. This water is treatedin the samemanner as for
concept#4; that is, the penaltiesfgr clothesdryer concept#1 were
multipliedby 2 and added to the penaltiesfor this clotheswashingconcept.

.

.AS, .WATER

WASH

,SECTION _ SOLUTION FILL/DR/IN

ZIPPER 1 .

SCRUB .....
SURFACE -"

F
i

. .

RINSE
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SPACECRAFT Space Station
Garment/Linen

{
, HABITABILITYSUBSYSTEM Housekeeping HABITABILITYFUNCTION Maintenance
_w

APPLIANCEFUNCTION Gamlent/LinenWashing J

APPLIANCECONCEPTNO./TITLE ]O/PlanRecirculation

INDEXNO. 3.3.1.I0 REF. NO. 90

DESCRIPTION

In thisconcept,water is simplyrecirculatedthroughthe clotheswashing
tub,with no means to vigorouslyagitatethe water. Cleaningeffectiveness
is, therefore,relativelypoor,and its adequacywould have to be proven
by furthertesting. A spin Cry cycle is used to removethe excesswater
after washingand rinsing.
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'"" ItABITABILITY SUBSYST[H 3.0 Itousekeeping

IIABITABILITY FUrICTIO;I 3.3 Garment/Linen Maintenance

APPLIANCE I'UPCTION 3.3.2 Gar_;_ent/LinenDrying

NUI4BEROF CO%EPTS CO:ISIDERED 9

ASSUI4PTIO_iS

A number of references were found which present data for various clothes washer
and dryer concepts (Referencec 70, 90, 91, 100, 127, 161, 171, 185, 202, 237
•and 245). These references were reviewed in detail, and the engineering data
from each examined• It was soon found that much of the data did not agree.
The primary reason for discrepancies was that the data were mostly very
sketchy, without detailed breakdo;vnsto define the data. For example, the
clothes dryer weight in one reference would include the tub only, while another
would include peripheral equipment such as heat exchanger, water separator,
or other miscellaneous items. One reference was found (Ref. 90) which con-
tained all the concepts found throughout the other reports and presented the
data for each in a consistent manner for direct comparison. Therefore, it

{ ' was decided to collect all the clothes washer and dryer data for this study
' from Reference 90.

A ground rule of two clothes washings/dryings per day was assumed from
Reference 273. For this condition, and assuming a six-man Space Station
crew, a detailed study of Space Station clothing usage (Reference 2_5) has
shown a maximum laundry load of 1.66 kg (3.68 Ibs). Since the clothes dryer
load assumed in Referehce 90 is only slightly larger than this, or 1.81 kg
(4.0 Ibs), the data from that reference were used directly wit'm,t adjusting.

The dryers Were assumed to remove 0.454 kg (1.0 Ib) of resit, _ ,.,.':_.erf_'c_n
the clothes, as specified in Reference 90. More testinq is ,-:.,__iredtf,
refine this assumption; however, data from Reference 202 indic,te thi; .'_ount
of water may be too high. For most conceF_s, the drying time c_n he ,.;,_ied
by sizing the hardware; e.g., one could choose a large heater _,r ,_,;
drying, or a smaller heater for slower d-ying. Based on the rr,L_:',,.,,JaLion
of Reference 237 and the Space Station system requirement in Eefer':,ce273,
a drying time of 4 hours _.Jasassumed for these cases. Where ,_pplicable,
ambient conditions are assumed to be 760 r:nllg(14.7 psia), ;_I.1°C(70°F)
and 50 percent relative hunidity. _,rherevera component is c;nnected directly
to the cabin cooling circuit, it is assumed 85 percent of the energy trans-
ferred goes to the cooling circuit and 15 zercent is heat leak to the cabin
atmosphere.
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SPACECRAFT Spac_ Station

Ga_ent/Linen ,I_I _BITABILITYSUBSYSTEMHousekeepin_ _BITABILITYFUNCTIONMaintenance
}

APPLIANCE FUNCTION Garment/Linen Drying

APPLIANCECONCEPTNO./TITLE 1/ForcedHotAir - Electric

8NDEXNO. 3.3.2.1 REF.NO. 90 !

DESCRIPTION , i

In this concept, a jet of air spr_ at 60°C (140°F) is directed into the
clothes from outside the drum. The cloth_s are contained in a wire mesh
drumwhichis rotatedsl_lyin adirectioncountertotheairinlet. A
prototype clothes dwer using this concept is described in Reference 237.

I (
°

f

1
AIR IN _ AIR OUT

• \

o
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SPACECRAFT Space Station ,_
"'* Garment/Linen :

(_ HABITABILITYSUBSYSTEMHousekeeping HABITABILITY FUNCTIONMaintenance ._

APPLIANCEFUNCTION Garment/Linen Drying

APPLIANCECONCEPTNO./TITLE 2/Forced Hot Air - Thermal Storage
' '4

INDEXNO. 3.3.2.2 REF. NO, 90
i ...... __

DESCRIPTION
b

This dryer concept is the sameas Concept 1 except the electrical heater is
replacedby a thermalstorageunitwhich utilizeswaste heat from the wash/
rinsecycle. This conceptshouldreceivea creditfor coolingthe clothes
washerwaterlhowever,thishas been neglected. Clothesare dried by air
at 49°C (120UF)from the thermalstorageunit directedinto the slowly
revolvingwire mesh drum.
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SPACECRAFTSpace Station
Gannent/Li nen

,,... HABITABILITYSUBSYSTEMHousekeeping HABITABILITYFUNCTIONMaintenance

APPLlANCE FUNCTION GarmentlLlnenDrylng i

APPLIANCECONCEPTNO./TITLE 3/ForcedCold Dry Air-Desiccant-VacuumRegenerablei

INDEXNO.. 3.3.2.3 REF. NO. goii •

DESCRIPTION

In thisconcept,a closed?oopof air circulatesthrougha silicagel desiccant
bed,where it is dried,and then throughthe clothesdryer tub where it dries
the clothes. After the clothesare dried,space vacu_ is used to dry the
desiccant. The fan size is selectedbased on a 4-hour clothesdryingtime,
and 4 hoursaM assun_dfor desiccantvacuumregeneration.

(

•DRYER D£$ICCANT

ii i

, TOYACV_._4
i , i w, ....

J
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SPACECRAFT SpaceStatiqn ,_' _
Gan_lent/Linen ]

(_i_ HABITABILITYSUBSYSTEMHot,sekeepinq HABITABILITYFUNCTIONMaintenance

APPLIANCEFUNCTION Garment/LinenDrying
T

APPLIANC_CONCEPTNO./TITLE 4/ForcedCold Air-Desiccant-HeatRegenerable

INDEXNO. 3.3.2.4 REF. NO. 90

DESCRIPTION

This conceptis identicalto Concept3 ex_pt that the desiccantis regenerated i
by an electricalheaterinsteadof vacuum. {

i

(
ELECTRICALIIEATER

I DRYER , _'

NT i

2.
,1 t

TO CABINIHUMIDITYSYSTEM

©
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I SPACECRAFT Space Station _ Garment/Linen i

(0 HABITABILITYSUBSYSTEMHousekeeping HABITABILITYFUNCTIONMaintenance !APPLIANCEFUNCTION Garment/LinenDrying

APPLIANCECONCEPTNO./TITLE 5/VacuumDry i

INDEXNO 3.3.2.5 REF. NO. 90 i• i
4

DESCRIPTION

In this concept,clothesare simplysealedin a tub which is ventedto space
vacuum. The water will first treezedue to rapidevaporation,afterwhich i
the ice will graduallysublimefrom the heat of conductionand radiation
throughthe structuralwalls. Dryingtime is assumed,accordingto Refer-

I ence go, to be 6.35hours.

(
ACCESSDOOR

VENT TO VACUUM.
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J
_ HABITABILITYSUBSYSTEM Housekeeping HABITABILITYFUNCTIONMaintenance

APPLIANCEFUNCTION Garment/LinenDrying i i

APPLIANCECONCEPTNO./TITLE6-ThermalVacuumDry - ElectricHeat i

INDEXNO 3.3.2.6 REF. NO. 90 _
• li|i i

DESCRIPTION _'i

This conceptis identicalto Concept5 exc_otthat an electricalheaterhas
been addedto provideadditionalheat to aid the sublimationprocess. Heater
sizewas based on a dryingtime of 4 hours to be consistentwith the other

! concepts. !

( _ _ELECTRICAL HEATING

ELI:r4ENT
• SC

VENT TO VACUUM
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SPACECRAFT Space Station
_., Garment/Linen

_ HABITABILITYSUBSYSTEMHousekeepinq HABITABILITYFUNCTIONflaintenance

APPLIANCEFUNCTION Garment/Linen Drying

APPLIANCECONCEPTNO./TITLE 7/Themal VacuumDry-Thermal Storage-Radiant Heat

INDEXNO. 3.3.2.7 REF• NO. 90 :

DESCRIPTION

! This concept ts identical to Concept 6 e_ept that the electrical heater is
) replaced by a thermal storage unit which stores the heat from the wash and
i rinse water. Clothes are sealed in a tub which is vented to space vacuum,
• and the energy required for sublimation provided by the thermal storage unit.
i A drying time of 4 ),ours was assumed.

C . PHASECIIANGE
MATER|AL

WATERFROM
WASit]NGCYCLE

i SCREEN

INSULATION

VENTTO VACUUM

• i
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__ SPACECRAFT SpaceStation i
_ Garment/Linen

HABITABILITYSUBSYSTEMHousekeepinu HABITABILITYFUNCTIONMaintenance

APPLIANCEFUNCTION Ga_lent/LinenDryin9

APPLIANCECONCEPTNO./TITLE8/Clothesline-ForcedConvection

INDEX NO. 3.3.2.8 REg. NO. 90

DESCRIPTION
4

In this concept,clothesare attached(withpins,snaps,velcro,etc.) to i

I wide mesh screenpanelswhich are stackedin parallelracks. A fan is used ;to forceair betweenthe panelsto dry the clothes. Crew timewould be

I relativelyhighcomparedwith the other concepts. Dryingtimewas assumed

to be 8 hours.

i

l- (

E /BAFFLE ,i
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,," SPACECRAFT_ Space Station ':!
' _ Gar.,enL/Linef_
_" HABITABILITY SUBSYSTEM Housekeepin_ HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garment/Linen Dr'yin.fl

APPLIANCE CONCE°T NO./TITLE 9/Clothesline-Forced Convection plus Electric Heat

'INDEXNO. 3.3.2.9 REF. NO. 90

DESCRIPTI014

This concept is identical to Concept 8 except that an electrical heating
element has been added within the clothes panels to expedite the drying
process. Heater size is based on a drying time of 4 hours.

C° •
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• ' ' BAFFLE" _. ELEMENTS' .
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•_ "_ HABITABILITY SUBSYSTEM 3.0 Housekeeping

HABITABILITY FUNCTION 3.3 Garment/Linen Maintenance

APPLIANCE FUNCTIO:'I 3.3.3 Garment/Linen Wi,sher/Dryer-Disposable Clothes

NUMBER OF CONCEPTS CONSIDERED 9

ASSUI,IPTIONS

For this appliance function, the most promising individual clothes washer
concepts (Section 4.3.1) were combined with the most promising clothes dryer
(Section 4.3.2) to form integrated clothes washer/dryer units. The data
for each case were taken directly from the data sheets for Section 4.3.1
and 4.3.2. Washer and dryer data were combined, and the redundant components
eliminated. Peak power and thermal requirements were taken to be the maximum
for the individual washer and dryer, rather than the sum of the two, since
each is operated at separate times.

The washer/dryer combinations were compared with disposable clothes. Clothes
wear rates and weights assumed with a washer/dryer were taken from Reference
237 and 245 and are shown in Table C2-7. A clothes weight packaging factor/
of 1.31, and clothes packaged volume, .re taken from Reference 100. This
resulted in a total clothes/linens size of 61.2 kg (135 Ibs) and 0.725 cu m
(25.6 cu ft) required for a six-man crew with an automatic clothes washer/
dryer. The clothes required for the disposable case were computed from a
wear rate of 2.88 kg (6.366 Ibs) per day, with the volume again taken from
Reference I00.
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{ [ SPACECRAFT_ace Station
: ( " Garment/Linen _

_ HABITABILITYSUBSYSTEMHousekeepin9 HABITABILITYFUNCTIONMaintenance

APPLIANCEFUNCTION .Garment/LinenW.asher/Dryer-DisP9sableClothes

i APPLIANCECONCEPTNO./TITLEI/FluidicAqitation/ForcedHot Air-ElectricHeat
<

! "INDEXNO. 3.3.3.1 REF. 1'90. 90

"_ DESCRIPTION
F

This conceptis a combinationof clotheswasherConcept2 and clothesdryer
C,nnc_ptI, as describedpreviouslyin Section3.3.1and 3.3.2.

?
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_. SPACECRAFT _:Space station
; Garment/Linen
_w, HABITABILITY SUBSYSTEN Housekeep_n_ IIABITABILITYFUNCTION I_LajFLL_LI]<LnCe

APPLIANCE FUNCTION: Garment/Linen-Washer/D_ryer-DisposableClothes

APPLIANCE CONCEPT NO./TITLE 2/Fluidic Agltatlon/lorced llotAir-fnen_._a]Storaqe_

"INDEXNO. 3.3.3.2 REF. riO. 90

DESCRIPTION

' This .conceptis a combination of clothes washer Concept 2 and clothes dryer
C.nncept2 as described previously in Section 3.3.1 and 3.3.2.

CENTRALCORE}.!fill
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-----,-AIROUT -
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#
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*- SPACECRAFT Space Station
,, Garment/Linen

HABITAgILITYSUBSYST[I.;Housekeeping HABITABILITYFUNCTIONMaintenance

I APPLIANCEFUNCT!ON Garment�Linen-Washer�Dryer-DisposableClothes

i "APPLIAIICECONCEPTNO./TITLE 3/FluidicAuitation/Clothesline-ForcedConvection

_i INDEXNO. 3.3.3.3 REF. NO. 90

I DESCRIPTION

This conceptis a combinationof clotheswasher Concept2 and clothesdryer
i Concept8 as describedpreviouslyin Section3.3.1 and 3.3.2.

CENTRALCO_EWIIH AIR VENIS

ALTERNAT|NGJEIS ._ /

t {

WATER IN" WATER OUT i
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I//

i _E$LINES

a
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' SPACECRAFT.....Space Station
_ _ Gan,,_nt/Li,len

: IIABITABILITYSUBSYST[14Housekeep!n._9 HABITABILITYFUNCTIONMa__.___Dtenance

APPLIANCEFUNCTIONGarment/Linen-Washer/Dryer-DisposableC!.othes

API'LIAT_CECONCEPTNO./TITLE__4/Fluidic Aqitation/ClothesIihe-ForcedConvection
with ElectricHeat

INDEX NO. 3.3.3.4 REF. NO.7 90

i DESCRIPTION

This conceptis a combinationof clotheswasherConcept2 and clothesdryer
Concept9 as describedpreviouslyin Section_ _ I _nd _ _ _

CENTRALCOREWITIt AIR Y[NIS

ALTERNATINGJETSam. /

I
VAT(R IN WAT(ROUT

e

• (t (w_l$ .

Z/
L

%• i
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"- SPACECRAFT.... _Space Station
• - Garment/Li nen

HABITABILITY SUBSYSTEMHousekeel)in_ HABITABILITY FUNCTION.Maintenance

APPLIANC[ FUNCTION Garment/Linen-Washer/Dr],er-DisDosable Clothes

APPLIANCE CONCEPTNO./TITLE 5/Wate[Spra¥ Aqitation/Force Hot Air-Electric Heat

INDEX NO. 3.3.3.5 REF. NO. 90

DESCRIPTION

This concept is a combination of clothes washer Concept 7 and clothes dryer
Concept I, as described previously in Section 3.3.1 and 3.3.2.

''i_/EL ECTR]CAL HEAT!NG
;_f ELIIMI.h'T

WATEROUT

C" IFAN ._ "

AIR,IN AiR OUT
• _

( ,
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i i SPACECRAFT_ Space Station

I "" Gamlent/Linen
HABITABILITY SUBSYSTEMHousekeepin9 HABITABILITY FUNCTIONMaintenance

i! , APPLIANCE FUNCTIONGarment_Linen-Washer/Dryer-Di _posable Clothes

APPLIANCE CONC[PT NO./TITLE 6/Wate<Spray Aqitation/Forced ttot Air-Thermal Storage

INDEX NO. 3.3.3.6 REF. NO. 90

I
DESCRIPTI ON

{

This concept is a combination of clothes washer Concept 7 and clothes dryer
Concept 2 as described previously in Section 3.S.I and 3.3.2.

.,.I...,,.!' - - WATERIN

FANC_)
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}
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API'LIANEf EONELPT PLNAL11ES£ALCUiA1
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', CYC|i) CYCLE)

COMPONENT (REF) (liR) (WATTS) (WATTS) _) X(_3") (WATTS) (WATTS) _.._X_)r
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,
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: SPACECRAFT Space Station
• ' Gan:;ent/Li hen

"-J IIABITAI;ILITY SUBSYSTU! Housel.ee_in_]_____)IAIHTAIXI' ITY Fur_cTION.a_tC_j_,tenazLCe._......

APPLIANCE FUNCTION Gar,'ent/l!ne_j-l__r,Js_her_cJF)r_____s?Ib]e Clothes
?

APPLI ANCECONCEPTNO./T ITL E_Z/Water ;q_pyavAqi t at i on/ __I_h_Lb_c__1_c_cd ConvecL i on

INDEX NO. 3.3.3.7 REF. NO. 90

DESCRI PTI ON

This concept is a combination of clotLes washer Concept 7 and clothes dryer
Concept 8 as described previously in 3ection 3.3.1 and 3.3.2.

I/AI[R IN tAltR O_IT
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/ SPACECRAFT Space Station
' * Gan_,ent/Linen
-- HABITABILITY SUP,SYSTEM Housekeeping HABITABILITY FUIJCTION_aintenance

APPI.INIC[FUNCTIOTIGarl:_ent/Linen-Washer/Dryer-Disposable Clothes

APPLINICE CONCEPT NO./TITLE 8/Water Spray A_litation/Clothesline-ForcedConvection
w it-h--TI-6_-_r-f_]Teat

INDEX NO. 3.3.3.8 REF. rlO. 90

DESCRIPTION

This .concept is a combination of clothes washer Concept 7 and clothes dryer
Concept 9 as described previously in Section 3.3.1 and 3.3.2.
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SI)ACFt,I_AFT SpaceStation
i ,, ...................................... Garment/

_ IIAI;]I/_I;ILITY_,,,,.,-.,-r""_v_ru,,,FiniJ_ekPppinn HA_,ITAI;ILI_Y FUrICTIO_I____.Linen..........Maintenance....
(

APPLIATICEFU_CC,TI()':Gari_ent/Lir_enWa_her/Dr},er- Di_posahlr.C,]_t2_s.

i Ai'l'lI_\_:C,I:COIIC_:I'I_O./TIII[ 9/DisposableC1_tF_es

]l_I)ZXIIO. 3.3.3.9 REF. IJO.

DZSCIcII>YIOtl: This conce_tassumesno clotheswasher/dryerwill be used, and
soiledclothingwill sir._:)lybe disposedof and replacedby new ones. An avera(le
wear rateof .484kg (1.066Ib) rlothing/towels/v/ashclothsper man per day _las
assu_edfro,_Referei_ce245. A packagingwei(;htfactorof 1.3 w_s used from
Reference100. Bulk densityof the clothes,includingpackaging,was assur,_ed
to be 0.0119 cu m/kg (0.190cu ft/Ib)as recommendedin Reference100.

!
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APPLIArICIL FUHCT]OiiS CC)?_SIDEI_[D ..

4.1.I Music
4.1.2 Library
4.1.3 Television
4.1.4 Games
4.2.1 Exercisers

DESCRIPTION

The off-duty activity habitability subsystem was designed to provide the
crew entertainn_ent and physical exercise in their off-duty hours. The sub-
system considered by the study is primarily based on the off-duty equipment
provided for Skylab and Apollo crews. A television receiver was tile or,ly
addition to the subsysLem. The Shuttle Orbiter would not utilize Inost of the
equipment presented in this subsystem due to the present mission duration.
The equipmerlt was, however, considered for Shuttle Orbiter for the benefit
of future missions as they are extended with the addition of payloads such
as Spacelab.
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II_BITABILIIY SUBSYSTEI,I 4.0 Oft-Duty Activity

.J
IIABITABILITY FUNCTION 4.1 Entertainment

APPLIAr:C[ FLII_CTION 4.1.1 Music

NUI.IBEI,OF CO;ICEPTSCOI_SIDEP,[D I

ASSUI,_RTI0_S

(I) The music appliance function provides the cre'wmenwith music and a means
of recording. A system to play the recorder through speakers mounted in
the spacecraft is provided for better fidelity of sound.

(2) The actual Skylab equipment was used for the appliance function. This
was the only concept used because of the simplicity of the appliance
function.

(3) The Skylab equipment quantities were ratioed by crew size; i.e., six men
divided by three men for Space Station and four men divided by three men
for Shuttle. The weight and volumes were then multiplied by these ratios.

o
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SI_AC[CI,,AFT S_Iro £f,ll inn
, v Off-Duty

IlAB]TAI;II.I_Y SUI3SYSTEI'IAc_ti__vi__tY HAI_ITAP,]LITY FUHCIIOH Enlert_i_1;ent

AI'PLIAt_CE FU_;CIiOH Music

APPLIAI_C[ COHC[I_TNO./TIFL.E I/Cassette Player/Recorder

]ND[X 110. 4.1.1.1 REF. NO. 293, 96

D[SCRIPTIO;_

The cassette player/recorder concept includes the following equipment:
(I) tape player/recorder, (2) headsets, (3) miorophone kit, (4) power
cord/converter, (5) battcries, (6) cassette kit,'and (7) wardroom speakers.
The tape player can be used on conventional batteries or _ia a converter

• from 28 VDC to 6 VDC on spacecraft power. The tape recorder plays cassettes
and is provided with a speaker and an adaption to headsets for private use.
The number of units provided for each of the above units is sunm_arized below:

Space
Shuttle Station

Tape recorder • . 5" 7
Headsets 3. 4

Microphones 3 4
Power cord/converter 1 2
Batteries adequate for mission

. duration
Cassettes 80 120

Speaker I I

(
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SPEA:ERDOOR(FRONTVIEW) SPEARERDOOR(REARVIEW)

POWERCORD/CONVERTER BATTERYDISPENSER

MICROPlION[ _'Eb,mSrl S
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IIABITABII.ITY SUBSY,TEH._.00ff-D!J_ZY Activity

• IIABITABILITY FUNCTIOII 4.1 Entertainn'ent

APPLIANCEFUNCTION 4.1,2 Library

NUMBEROF COIICEPTSCOIISIDERED I

ASSUbIPT!O_IS

(I) The library appliance function provides the crewn_enwith reaCing material
for off-duty time, Provisions are added to make.the paper books non-
flan_able by adding covers while the books are in use,

(2) The actual Skylab equipment was used for the library appliance function•
This was the only concept us2d because of the short mission duration•
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SPAC[CRAFI_S.pac_eSta ti_oil......
OfI - Duty

_I
IIABITABII_ITY SUDSYSTEf°,.A_c.I,tM.I_ tlABITA[_ILITY FttIICTI0, __E.j].te._rla]z_eBL_

APPI.IAPJCEFUHCII(_Pi Library

p,APPLIA,CECOP_C[PTNO./TIrLE I/Books

INDEXl;O. 4.1.2.1 REF. N0..__,____2_93_,_9_6

DESCRIPT10:1

The book conceptconsistsof individuallyselectedoff-the-shelfpaperback
books taken on the mission. The books are sLored and when in use are provided
with a cover for nonflammability.The coversare fabricatedfrom Beta cloth.
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IIABITADILITY SUDSYSTEN4.0 Off-Duty Activity

IIABITABILITY FUIICTION 4.1 Entertain,lent

APPLIANCEFUIICTION 4.1.3 Visual Recreation

NLII.:BEROF CONCEPTSCONSIDERED' I

ASSUNP.TIONS

(I) The visual appliance function provides the means for programed television
to be displayed on board the spacecraft.

(2) The Panasonic and Sony television sets were the basis for the engineering
numbers.

(3) One unit w_s assumed to be provided for each vehicle.
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( L 'SPAC[CRAFT Space Station ...." Off-Duty
IIADITABILITY SUDSY._[_.IActivity IIABITAIJlLITY FUHCTIOlI Entertainme!_

APPLIAHC[ FUNCIIOII Visual Recreation

APPLIANCE COHC[PT NO./TITL[ I/Television

INI)[X NO. 5. I. 3.1 REF. NO. I

DESCRIPTIO_I

The television concept provides programed television programs to the crewmen.
The data presented were based on 15-inch Panasonic. The Sony is also very
similar to this model. The unit does not provide the means for use of video
tape.
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IIABITAIIILITY SUBSYSTErl4.0 Off-Duty Activity

HABITABILITY FUT:CIIO_I 4.] [ntertain_,',_nt

APPLIAf_C[ FUNCTIOn; 4.1.4 Games

NUb_!3EROF CO;ICEPTSCO',SID[R[D 5

ASSU:_I'TI O;_S

(1) The qames appliance function provides garles .to occupy crev.,_.3anti_e during
off-duty activity. The devices used are varied to prevent boredom.

"(2) The actual Skylab equipment was used for the appliance function.

(3) The Skylab equipment quantities were ratioed by crew size; i.e., six men
divided by three men for Shuttle. TI,e weight and volui_,es were then

• multiplied by the ratios.

(4) The concepts presented are not presented for trade purposes. Each of
these concepts are candidates for ruff-duty activity equip_::ent.
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SPACFCI',AFT_.:<_j!a/._1_9!i 9._,..
, ,. Ofl-Duty

IIABITAI',II.IIY StJDSYSIL_l__A.ct__iy_ity tlABI1At;I I. llY FU;ICTIOH ED_torl.aij_jj]g.nl_.....

ApPI_IA;IC[FIJ!'_CTlO,q Games ""

API'I.I;':CECO._CZPTI!O./TITLE I/llandball

INDEXIlO. 5.1.4.1 REF. NO. 293, 96

D[SCRII'TIOH

The handballconceptprovidesthree hand balls>one pyrell,one spon.qe,and
one rubberhand ball. The balls are coveredwi.tha nonflan_mob!eFluorel
covering. One COmr:_.ercialball is coatedwitilFluorel. The pyrellNERF ball
was dippod in ammonium-dehydrogenphosphate and coated with Fluorel. The
third ball is a toy ball coated with Fluorel. The balls are ckaged in a
sponge rubber container.
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,, SPACFCEAFT Space Station
Off-D6[_

HAI;]'I/d;] L ] IY SU_SYSTEF_Acti vi ty IIABITA[]]I ]TY FI]NCT] O:I._EjLte_rt_.il]mQn%____

AI'PI.IArICE FUNCTIO;I Games

APPL]AHC[ COHC[PT_:O./TITLE 2/Dart Board/Darts

]ND[X II0. 4.1.4.2 REF. N0.__,2.93__ g6

DESCI',]t'T10;1

The dart board concept utilizes darts and hoard _Hth velcro for a zero-g
dart game. Twelve darts were provided with the heads covered with velcro
hool,s and attach to the board by means of velcro pile/hook attachment system.
A dart holder container was provided as part of the concept. The system did
not work well on Skylab (darts were not stable), so redesign of this system
would be required prior to flight.

• &

,,o

C2-630

1975025651-288



) ' ' 1 1 ') k

, , , i , + I I t
, D2II'_',D(,I-!$

17_XlP'b:4 "lOlt.I )4A_Ir_i'_ lOlr, t

! l/ _[.Ei'!..At R! qt) l_l_lti_

LATI"IT Stld)lid I Ill.AT LI;AI 10 (Of,l ",I

SouRer (Blti/l+)_) (BIU/iiIt) (BTU/I)I_) (l_l t'lt,.')

i /,Z///..................................................
.........................................

.....................................................

.....................................................................

IOTAL ............................

Jill, (l_li)l)tk) IF,It (I,_'W)!i.') il_.II (t_' i_)',IT (1", ,u;'.

OP!..li!Zi_J0_IAi p.l.iIA!.] li S

II4l t'P;_I.
ilrAl I I At lO (Oqt t',T [LICII_II_PL Ir 161,I IiC,LLii'L

SOUl,C[ (lit tt/llt41cY(.I.t ) {b'IU/I(_'/C.YEL[ ) (rK I)_ITS/{)CL 1 ) (LId/_I "",l("i ) (t 1 '/)-'l','_,l_ ',)

-i#All_._(_,fll" li',l)'.'lifil .......... l,Jel"l.",- "" P'./)'l'.'](',-'-
Iblti/i?U{Itl I ) (i.h:)ir ,, )Ctl ) (tl!/)'l','.l, ',; Ill t)':-',. ;( '_,]

C2:63]

1975025651-289



i ! , " t l i, ; , , t I i 1

D2"II':_'C,I-5

td'l'llt'Jl (_,',(lil i",':l;,"*h!', I,'.. i,'. ! 11 ", , 'll I,!I'', {(_ ,rl_Iib)

_<,,,_,,',_a,c>i£_,,)1:o/I_//,+<:/_ z,,,,_,,....:,.4,/..K Z

(D O (_ O}
ll_COV;t.i. ItMl.l:[l'.'i I'.),'tYCl[ 1,_'I lf"I/(.)_l{

'_"_<'""<'<<<<""> %d %,_'1Yt'l Iil_) lit,( l(,lt

....... _I_- ...................................................

........................................................................ ° ..............

).7.m ............ _o) .........

I ............i1 fit J',t il

" "t_l ,',I,£i • I I _" i •

(')_.Ll#'b,',i' ..... i.t,i',ll_lt/_l_ '. I, ,I,! I, ,, i ........ i,, (lb]

,;i c:, It_l _ (t)

1975025651-290



+ .

_, SPACLrP_FT Space Station
-Off:Dutp

IIABIIAI_ILITY_UBSYSTLH Activity ItAI_IXAtlLIXYIU:;CTI0:;_Ej_._.r__,d_:,._-nL_._

APPI.IAIICtI:I_£CTION__Gat:_es

APPLIAPICEC0,;CFPTNO./TITLE 3/IMnocularKit

INDEXNO. 4.1,4.3 kLl-. II0.. 293__96_

DESCRIPTI O,'I

The b.inocularkit conceptprovidesbinocularsfor viewinydistantobjects
such as earth and satellites. Thp binocularsare "trinovid"10 x 40,

.. manufacturedby E. Leitz, Inc. veicroattachmentstripsare providedfor
attacht_entwhen used in specifiedareas.
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IIAI)ITABILITY SUI;SYSTEI.IActivity IlABITA_,ILITY FUtlCTI0,IEl_,_er_._mp.n_ ,

,._PPLIAI_CEFU_CTION Games "'

APPI.INICECONCEPTNO,/TIILE 4/Cards !

INbEX IlO. 4.1.4.4 REF. ltO.= .293_ 96,

DESCRIPTIOt_

The cards conceptprovidescard decks and card deck retainersfor card playing
in zero-g. The card retaineris constructedusi,n9a flexiblestrap with a
magnetat each end. The assemblyis coveredwith Beta cloth. The cards are
standardcardsmanufacturedusing a laminationof three layersof Scheufelin
.paperE-20. Each deck is storedin an aluminumcontainerfor nonfla_nability.
Eight decks of cards were assumedfor Space Stationand four for Shuttle. I
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,- SPACECRAITSpace Station
: OTf---D_J[y- JqkF

IIABIIAP,]I.IIY SUBSYSTEHActivity }IAB]TABILITY "FuNcTIONEntertainm_nL___

AP,PI IAIJC[ I'UIICTIOII Games

APPLIA:CCECGIC[PTIIO./TITLE 5/Calculator

INDEXII0. 4.1.4.5 REF. tlO.

DESCRIPII 0;I

The calculator concept provides a Hewlett-Packard HP-65 programabl ; pocket
calculator. The calculator is an electronic slide rule with programable
tapes for special pregrams. The study assumed four units were supplied for
Shuttle and six for Space Station.
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i IIABITAUILITYSUBSYSTEI.14.00ff-DutyActivity

i IlABITABILITYFUNCTION 4.2PhysicalConditioninq

i /_PPLIAIIC[FU_ICTION 4.2•IExercisers

NUI4BEROF COrlCEPTSCONSIDERED 2

ASSUI,;PTIONS

(I)The exercisersappliancefunctionprovidesfDr maintenanceof crewman
physicalconditionunder the influenceof zero-gravity.

(2)The actualSkylabequipment'wasused for theappliance function.
T

" (3) The Skylabequipmentquantitieswere r,_tioedby crew size; i.e.,six men
dividedby threemen for Space Stationand four men dividedby three men

•for Shuttle• The weightsand volumeswere then multipliedby the ratios.

: (4) The conceptspresentedare not presentedfor trade purposes• Each of
these conceptsare candidatesfor off-dutyactivityequipment•
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,_, SPACI.CRAFTSpace Station
,, Of'f-D5tp Physical

IIABITAI_ILITYSU%YSTEI4 Activity HABITAI_ILITYFUNCTIO:_ConditiL_ninr1____

AI'I'LIA%EFUIICTIOrI Exercisers

AI'I'LIAHCECONCEPTNO./TITLE I/Exer-Gym

lt_DEX_IO." 4,2.1.1 REF. NO 293 96 :

DZSCRIPTION

The exer-gymconceptis a commercialgrade of exer-gymsmanufacturedby _,
Exer-Genie. The unit providesexerciseby means of varyingrope tensionto '

' producethe desiredpush/pullrestraintforces. Exer-gymworks by putting
eachfoot in the strap loops and pu_lingropewith one or two hands• A
storagecontaineris providedfor the exer-gym. _he study assumedfour
exer-gyh_swere providedfor Shuttleand six for Space Station.
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_ SPACECRAFTSpace Station i0_f_D-G-ty Physical

IIABITABILITYSUBSYSTEMActivity IIAgITAglLITYFUIICTIOIIConditioninq }

APPLIAIICEI'U;ICTION Exercisers " _

APPLIAIICECO;ICEPTNO./TITLE 2/HandExerciser !
x

INDEXNO 4.2.1.2 REF. NO. 293,96
• _

DESCRIPTI0_I

The hand exerciser concept is provided to keep hand and am muscle condition.
_, The handexercisersare shaped to fit the hand _nd are used as a "squeeze"

type exerciser for maintaining grip strength. The units are coated with
Fluorelfor nonflammability.The study assumedfour ha,d exercrserswere "

, •providedfor Shuttleand six for Space Station.
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' HABITABILITYSUBSYSTE,_I Medic'al _

" _ FUNCTiOt -i, k, APPLIArlCE ISCOtlSIDERED

" 5.1.I Autoclaves
5.2.1 Ergometers

DESCRIPTION

The medicalappliancesubsystemconsideredby the studywere those items
judgedto have a directinterfacewith the ECLSS. The Space Stationwill
probablyincludemore appliancesthanwere consideredin thissection;how°
ever, the autoclaveand ergometerappli,nces were the only appliancefunctions
definedfor a near term Space Station. The ShuttleOrbiter,becauseof its
short-termmission,would not requirethese appliances. These appliance

i functionswere, however,compliedfor possibleapplicationto futureShuttle
missions.
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_' IIABITAP,!LITYSUBSYSTEM5.0 Medical ::
. _

•HABITABILITYFUNCTION5.1 Sterilization

APPLIANCEFUNCTION 5.1.1 Autoclaves

NUMBEROF CONCEPTSCONSIDERED 3 ' • ii
•<_ -.

ASSUI,'0PTIONS

, (I)Ventingof the autoclavechamberto vacuumwas allowedsincethecontamination
+ levelwas consideredlow.
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SPAC[CRAFT...SpaceSLation

T,_' Medical,, IIAI;ITA,._LIIYSUI,_ST[II HAP,i:_.:._LITYFUNCTIOr_Sterilization

AI'PLIA,{.FtI_,Ci'IOP Autoclaves

c '" ..... :.erilizerAI'PLIANC.[.L,_.,EPTNO./TITLE ]/Moist". ' "'

INDEXNO. _ 1.1.l ,_':F.NO. 202

DESCP,IPTI0:_ I

The n'_oistheat sterilizationconceF,t uLilizeshigh temperaturesaturatedsteam
as the agent for sterilization.T_:oc_dvantagesof this systemare its rapid
heating,penetration,and moisture;vhichfacilitatethe coagulationof proteins.
This is the _echanismby which the organismsare destroyed. The units sterili-
zationoperatingtemperaturerange is 121Oc to 132°C(250°F- 270°F). The
periodof time used for thismethod of sterilizationwas assumedto be 15
minutesat I£51mmI1g (30 psia). The air within the autoclavewas assumed
to be exhaustedoverboardprior to each sterilizationcycle to assureefficient
sterilizati£n.The vQlumeof the chamberused for computingthe ventedgas
was .0504mj (1.78ft_). The water used per cyclewas 0.072 kgms/use(0.158Ib/
use)which is recondensedand recovered•
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SPACECRAFT Space Station

'J' IIABIIABILITYSUBSYSTEfi Medical HABITABILITYFUIICTIO_ISterilization

AI'PLIAtJCEFLINCTIO,_I Autoclayes

APi_LIArlCECOI;CEPTNO./TiTLE 2/Dry Heat Sterilization

INDEXNO. "5.I.].2 REF. I_O. 202

DESCRIPTION

. The dry heat sterilizationconceptuses dry heat asthe sterilizationagent.
This conceptrequiresmuch highertemperaturesand longerexposuretimes than
Conc__ptI. The study assumeda 2 hour steriliz.ationtimeperiod at 320°F.
The dry heat destroysorganismsby means of oxidationof their intercellular
constituents•The unit will sterilizeeverythingbut aqueousmaterialsbecause
of its low vapor pressure• The dry heat chamber(1.78ft3)wasassumed_cobe
insulatedwith a .038meter (1.5 inch) thick polystyrenefoam (seeattached
figure). The heat leakcalculatedwas based on this insulationsystem. In
additionto the 2 hour sterilizationperiod,a 20 minutewarmup timewas
assumed. ' •
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SPACECP.AIT__S_p_a£eSt ati on .

-, IIABITAI;ILITY SUBSYST[M Medical IIABITAI_ILITY FU_ICTIOrlSterilization

APPLIAI;C[ FUr'ICTION Autocl ayes

APPLItC_CECOIIC[PTI;O./TITLE 3/Ethylene Oxide Sterilizer

IND[X IlO. 5.1.1.3 REF. rIO. 202, 292

D[SCRIPTION

The ethylene oxide sterilizer concept uses a'mixture.of Freon 12 and ethylene
oxide as a sterilant agent. The sterilizer was assumed to operate atS_°C
(130°F) te_,.,perature, 1337 n_mIIg(22psia) pressure, and at a relative humidity
of 40%. The water used to raise the huz_idity and the air required evacuated
prior to usage were assumed loss after each cycle. Since ethylene oxide is

, 8..... Freon 12 and 12;_ ethylene oxideextremely flar,_able in air mixtures of _'
or 90% carbon dioxide and 10% ethylene oxide to circumvent this problem. The
ethylene oxide sterilant mixtures are toxic and corrosive. A design using
this concept would require careful interlocking of the chamber door to prevent
accidental injury. The internal voluble of the cha_ber was assu_,ed to be
.05 m3 (1.78 ft 3") with approximately .003 pounds of water per charge for
maintenance of relative humidity. Tlle sterilant mixture is exhausted after
the sterilization cycle is complete. TF,e SLIL_dyassu:_ed 20 hours were required
for sterilization with a 5 minute warmup period. The cylinders used for the
sterilant mixture were assu_r.edto be aluminum.
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IIAIIITAI_ILIT',' SUGSYSTEII5.0 Medical 7

IIABIIABILITY FUIICTION 5.2 Physical t;onitc)rinc]

APPLIANCEFUNCTION 5.2.1 Ergometers

NUI.',%ROF CO':CEPTSCONSIDERED 1 0

ASSUb_P.TIONS

None
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:- APPL]ANCEFUNCTION Ergometer ,

APPLIANCECO%EPT NO./TITLE Ergometer

: INDEXNO. 5'2.1 REF. NO. 94, Skylabunit

DESCRIPTION I

, The e'rgometer is a bicycle-type, floor-mounted exercise machine with handlebars,
bicycle seat, bicycle pedals, and a chest board. The ergometer is designed
to allow the crew to exercise in a zero-g environment, using either his
hands or his feet to drive the erqometer. The ergometer is capable of auto-
matically prugraming heart rate (I00 to 200 beats per minute) which is accomplished
by a feedback loop control in which the workload varies automatically to produce
desired heart rates. The exercise is accomplished by manually pedaling which

. drives a DC torque motor. ThL:work is released to the environment as heat.
The rate of power application in the automatic mode shall be adjustable from
25 to 100 watts per minute. The manual modeworkload range is 25 to 300 watts•
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